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T he Spw:lrum i£A rrVfinnfihrtn»f twn 
oscillator switch linked syn1n?$i 
ser featuring advanced specilica- 
(K?I1, constructional simpk City and low 
CJl&L. Med’OleHon, |JiriLne CUfilroL and 
interface facilities noi lound an any 
comparable synliesiser make il ex- 
tremely powerfu and jersotife in# 
keyboard playing, sound effects and 
many other home, &lage. or sludiO 
application*. Coriitruclion is £impli1ied 
by Ihe use of integrated eir'CUllS Ihai 
each perform major synthesiser func- 
tions wth few external components Ho 
ueme oi Eonlact blocks or bending of 


gold wires is needed to assemble the 
keyboard contacts; a new contact 
system only requires wWerin® of The 
conlfttls and drilling tj Che chassis to 
moomuhe contact pcet 

Figure 1 shows a bioek diagram oi 
Ihe Synthesiser and ihe | ronl panel 
legending is reproduced beisow. Modu- 
lation routing is accomplished by 
source and J pnction switches ami 
depth controls, rather than Eh? usual 
method □! pronding each source with 
its own depth for each controlled 
Miction found on some smsii syhlhe 
SiStJrs. Swi-Lchins is most suitable for a 


laigy riLimli^i nl sources as here and 
allows fast selection of source and 
selection oi modulation effects with 
preset depths, in lavOur OF simultane- 
ous mbdulalion or um- uaij meter by- 
more than two signals. Six modulation 
Signals are ava liable: keyboard . control 
lei tow heqijpncy oscillator (LFC), 
envelope generator, noise generator 
and external, The keyboard is ol the 
highest note priority type and has a 
glide which al-wayi. compiles even 
a Tier the key is released — tins makes 
the keyboO'd much more useful aS 0 
coniroller Irr nllpcli snunds The joy- 
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Figure 1. li'wk 'I'j^rji ii jl lhc- St^rcuum Sprhc-si-i#- 


Stick COnl -niter rOLrtei aveltog^dij'pert- 

dent on the Eide-tP-Side position of 
I lie stick :o various fl>l(r)£e Controlled 
circuits. a Joking at (c be used co-conJr^l 
ihe pitch (pilch b^nd) or irmbre The 
es Leni .tl wjltOKf led into L'te COitrollti! 
teCk cart override or add to I he joystick 
volrfrgn For coni rot by additional syn- 
thesiser equipment. or a pedal can be 
Grinned in and used for cooled by 
attenuating a fixed (oystick voltage 
The tow frequency oscillator gen 
aultit random and regular sample and 
hold ellecte ir addition 1o Ihe four 
common vrave terms The rq^ular S/H 
option allows nsing snd lelting &eaf«, 
rising anc filing repeating groups ol 
(wo. Ihree or more nodes., and mjier 
sequencer-like ellectiL win the pattern 
controlled by iJn; LFO rale- A LED 
displays the LFO cycle and theityStiCk's 
vertical position determines the ampS- 
LucTe at (he LFQ rriijriuOl Output. The 
enve.ope generator is oi lie enpoiten 
lial ADSR type and. like the LFO. has - 
a.nd ■ outputs lhaL can be separate y 
seleLied tei tech i udroHed pjrarrh.-liM 
The envelope generator shares its gale 


signal- with sin,’ r-nvciopc -.haper. wh»ch 
determines the loudness contour ot 
each dote. 'Single' cn the Bate selector 
swilch causes gating each time a firsl 
ke^ i^ depressed, 'Multiple' rpl risers 
when jny new note IS played, allowing 
last runs wtheut mussed notes ■Hold’ 
keeps the gam bigjh for continuous 
Sheets, and 'L FQ" ca uses galingon each 
LFO cycle in ihe Repeat' position the 
envelope generatoi relriggers at Ihe 
end of the decay period, acting as Jd 
additional LFO with variable symmetry 
Tbit allows cample* rhythm nC effects 
when used -with the LFQ.iintl givti^gneut 
scape for 'backdrop' sounds bd«d 
aiounq comple* Se'K patterns wth 
penodic iimfrre sweeping effect* 
derived from ihe EG Key Repeat' 
brings (n me repeat only when a hey is 
held. allowing key- Synebroni sed re- 
pealing notes and delayed modulation 
(Ihe delay determined ty the attack 
ti me) An L ED .net icates 1 he tG's attack 
segment 

The voltage corlrofled oscillators 
tVCOS) each have sun swilched oclare 
ranges and five waveforms The Sit) 
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octave Output is a pulse wave will a 
square wave added an «Uvl- below, 
making tie sound luller aod richer The 
lun nc led detect the beats between 
the PScillaLors, and indicates when Ihe 
pilches are in simple musical intervals, 
useful ter tuning without sounding o 
note (e g. on siege), The pulse width al 

VCO 1 ti, v.jr i,j: ' q, .-ind VCd 5 has d Lunq 

control wiili a t One fillb range. 

The VCOs can be used logalher tn 
provide a vast range Ol Sounds not 
possible With basic Synthesisers haviiig 
oni, waviiorm, si i.ipe. YCF cutdll and 
VCf resoflance as Lh .■ con! rq| s al lec ti tj 
Uise timbre- Tb.q i jdonoby Ircquc-ncy 
modulahon and SynchranisaCion — 
sctectal features of this design f Muses 
the tflangle Duipul QlVCO I to n'odtilete 
the bequerKy of VDO 2 up 1o i IOC 1 ! 
giving a whole range ot non harmonic 
tonus lor bell gpny and chime S0Kin;ls 
etc, Synchronisation gives various 
v.-dverorms from VDO 2 (see Figure 2) 
which have particular bands Of hdi 
monies emphasised for strong, voice- 
b ok like sounds. This is achieved by 
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reselling the oul pu L af VCO t upon ear h 
cycle or VCO 1, so the tones generated 
are -always harmonic. Two mcdes of 
syne, are provided: Sync. I s that 
normally found on rynpwave oscika- 
tors,, 1 hi e VCO 2 waveform beriming, in 
I he same way after each reset; Sync. II 
is something total ly new — the Inangle 
output s set to mi d way each time but 
fhm ruirrie* On i n The sa nld d i«<1 irwl ira 

the new Cycle. vCO 2 bckson to vCO I 
harmtorics wth the change hern one 
ttarmoric to the nexl emphasised 4oy 3 
sharp chanae m lore This enables 
automatic a'peggjsticn and inwad-iNs 
tone sweeps to be oblai ned si nee VCO 2 
now is effectively a railage controlled 
waveform ganerator/Frequency mu ti 
plwr. The sync, contral attenuates EOS 
pu se-sied toVOC 2 so that it only resets 
■I Ihe wave form rs a bote a certain 
Ihnesho-lti, re^uflmg in the oscillators 
being locked together in musical inter- 
vals {aids. 5th* etc). Simultaneous 
Sync I and Ffv 1 produces tiarmonic 
tones wi|h H e shape ol fM-ed wave- 
forms within each cycle. 

The ring modulalpr uses rnangfe 
and square VC W waveforms to provide 
further complex lone*. Its output is 

m x-rd with thf. 1 •ii!>iM 7 signal , : ril 'Pd info 

a special voltage conteell&d amphler 
(YCA) This can be controlled by Ifre 
Lf& or EG. and gives the SiSOSlS "heir 
own loudness cartoors. Hence nfrS* 
tchiifs' can be added to nates, w ring 
modulation sel to swell in as a rote 
decays. 

The VCA oulput is led to the voltage 
CCrErolod 1 Her {VCFJ mned with the 
VCO oulpuls. The VCf oilers the Lwo 
most useful responses, lew P9S3 and 
band pass, plus an intermediate 
response for bright sounds Thai remain 
strong in lower harmonics. Cu'.oH ire 
quency and resonance controls per' 
form their normal funcltons and a 
keyboard foirow control determines 
how the cutoff t requency vanes over Ehe 
keyboard range. 

Alter envelop? strap ng.lhesigna is 
fed to the nonage controlled pan circuit 
which can nodolOle the location of Ehe 
st'< jnd m the slereo field by Ihe LFOor 
EG signals Tbs stereo outputs can a so 
be used for vollage control of me depth 
of -external effects such as reverb, 
phase, and echo. t?y footing one signal 


via the effects unit and one direct to the 
amplifier. A mono output is also p r o- 
video , and tie VC A can also be used tor 
additional emptitude modulation with 
Ihe LFO as source (for liernMO and 
oilier effects). 

The interface jacks alfow connoctisn 
10 external devices such as seq ucncers, 
MtrJc! il .li: i. j> VCO banks, waveform pro- 
cessors etc. The Spectrum Synthesiser 
uses the IWOCfrve CV standard, aid 
can be i Oterfaced to any Otlhe r expo-nen ■ 
fciai CV SynthUSrsyr 

Keyboard 

The Spectrum uses a unique key 
contact iyclem which is cheaper, more 
re:iable, and easier ip consuitt than 
a llernalives usin; gold OEaied wi re and 
contact blocks. A Single moving contact 
is used for each key with all conlacls 
and their associated divider chain 
resistors held on a f’CS {In Iwc parts) 
hred to the keyboard chassis. 

The moving CdntoCtS a>e silver- 
plated springs, ctach toed at one end 
and moved at the other by me piunger 
of the respective key Such that Ihe 
Spring makes contact w Lh two pal- 
ladiuni bars when the key rs ckiprtMed 
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(.Figure 3). The first bar is connected to 
the sample and hold circuit which 
stores the voltage nepuesenting ihe lesl 
key depressed, snd the second to a 
circuit which generates^ gate signal for 
the 5/H and Ehe envelope genierat'0 J &. 
The moving contacts connect so 
divider chain {see Figure 4) Thest 
functiois are usually earned out ay 
separate ccrttac: pairs, where unless 
tn# contacts are precisely set up r note- 
j umpi ng will occur when the envelope is 
gated Odore the S/H rece ves ihe new 
key voltage The system used here i& 
immune from this sicce the construe- 
iron ensures Ihe correct sequence Of 
□iperatjon, ^ut) no rmbai selling up is 
requi red T I e keyboard recommen d-:d 
in Ihe pans hsl has removable key 
plungers 50 |hai cleaning The contacts 
is much castor loo U eclipsing a 
plu nger aiiqws access to the sides or i it 
bars and Springs that meet. 

Power Supply Unit 

The proper operation ol synlhesiser 
Circuits requires a Stable, ndse-free 
Supply, Sdl i& imponant thal Ihe flower 
Supply Umt (PSL) is wen regui aied ano 
nas Current in reserve The $pec(rurr> 
PSU usesrrsnolrhic regufalor& ^ nd low 
(einptfralurt coe'licienl compementS-rn 
a dual design to provide ± ESV at 270 
mA msisimum. 

The Powtx Supply Unit consists bl 
Iwo rdontiool circuits providing tie 
positive and negative Suptflres. dnven 
by * dual Mconcary transiormfr Ed-tl-. 
secondary produces abaci 2 IV when 
the AC signal i&rMtilrfd and smirched, 
and es "Li set lor protection in th^ event 
of a power supply fault Rogulalipn is 
carried out by the w ^1 1 -koown uA7^3 
regulator 1C whicti s used with an 
eternal power transistor in senes pass 
mode to provide Ihe ’-equired Current 
This current fimtLs at 270 mA when the 
vditage acrcss series re-si^mc ri 
tha -ve side) reaches 0.6V RVl (RV?) 
allpws :he rail voltage to be adruStod tc 
exactly 15V, and Di {02) protevts 
agams" reverse polarity, again in the 
event uf a luulL Tlic * L&V rs£yidt?d 
Output of the side based around IC3 is 
ccnneded to OVof the 1C] side, giving 
the - 15. 0, +• 15V supply rails. 

Keyboard Controller 

Figure 6 shows the circuit OiaH^sm 
Of Ihe key hoard conlrflller. Connections 
1 dud 2 die the bottom cmd top 
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respec lively cF the keyboard divider 
Chain. This -i arranged in the l?edba;k 
loop bl SC3a. which drives a current cl 
sbuuL 1 SmA through the dvider chain 
Thj& generates fl3mV asross each 
divider chain resrslor, sort e&poyvli ng to 
4 semitone. i-n-J IV across each group 
or twelve, correspond ng an octave, 
Ft 58 end RD5 dfCtp I. TV so the range of 
key votage is 1.7 itoji Cl Eg 5, TV 
i. bottom C). ft57 ond fiY3 determine the 
Currant, RVi allowing :t 3c be tr mmed 
lor exactly IV/octave. 

iCS&gererates a signal that is used, 
after process^# to £ate the envelope 
E€ ne raters and key vintage sample and 
hold With no keys depressed, the non. 
inverting input is held at OV by F:6F;- and 
since (he* ittiyeninfi inoul ni di *083V 
(determined hy K&8) rC3b’5 OutOuE isni 
its negative extreme, oimo&i -3 5V 
W!ien a key is depress ed , lie vol tage at 
3 he inverting inpul rises to between 3,7 
arid 5.7V smee the gale bus-bar is con- 
nected to :he diwder Chain by the 
contact or tne depressed key, and the 
output d iC3b g«& hiah. 

TR3 IS a FET which dth di avOUage 
ccnirptea switch in the sample- and 

hefd circuit arpund Cll- 11 nprmfilly 
tMid of F by the negative oui put voltage 
of iC3b, Via 1362 and ClA, l. ul upon i4; is. 
going positive il u turned Oh and Cl 1 
charges to the voltage on the $/H bu$ 
bar (connection point 3 )l Since She 
conlacl spring makes wiJF ihrs bH^r.- 
I he gate bus-bar, the new key ydtegeiS 
always ready Idr Sa moling by the lime 
ihe FETisSurnetlon IC& isa f ET mtu3 
op amp with a very low input bias 
current Th is ensures ;hal when 1 he key 
is released end TR3 turns oH the charge 
On C .L 1 1 s re3ai ned with 1 he mi him pm o! 
droop' Even wtien C 9 1 is a High qualify 
type (Ps il must bet leakage in this 
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component predominates over the 
■ noul current pi l£5a On the prototype, 
it took about 3 5 nmuies for middle A to 
Llnft up to Air 

With the output oi IC3& low. CIO : & 

kept e :■ urged hy P 1 1 „ but when a key i 4 

depressed il is allowed to discharge 

th ough R6ti unit R6U It bakCSapprCx: 

niaieiy 2m$ fortt»e ytftsgielo re^ch the 
threshold cF Ihv SCkrTutt WAMti gall! 
iC6o. We output 01 which Wen goes tow, 

Since Dl ] Charts CIO i^ry W*l Lipftn 

the comparator output going low «( 
mist remain h : gjh Fpr al least 7mR lor 
the gate signal to be passed on to iC6&, 
Ibis ensures that the odect □! contact 
bcunce upoi key depression or release 
i& eliminated and cannot cause taise 
lei ijgering pi the envelope generators. 

The external gate signal is liveried 
by rft4and VftW Lt-ed With I ne outp ul or 


IC5a to give the key gate signal which is 
sent to the EG& 

h a new note >s prayed pn 1 he 
keyboard before the ptfiwaus. one is 
released, a new I7v is generated, but 
smee the key gate signal remains high, 
i he EGs Mill not (isstar. their envttfopes. 
This can he a problem when percussive 

enveloiiei aieusrf, lost ktyU.^ 0 mits 

giving missed notes. The pnopiem r& 
eliminated by •dtlectira a charge in QV 
41 thii sample and hold output, and 
SO-icralmE a key fcl rinser agnal (or [h<? 

EGs. lC4a is a htgh gam diflerenliator 

:h*t produces a pulse for osch change 
m the value ot the Cv. T'heto pulses are 
rectiliFd and sqi-ared up by ih? com- 
parator IC4&. and rengthened by 0)6. 
R75. and C\2 to a minimum oi 5m£ 

Gomact bounce produces a very 
ragged CV CFian^e iyhen a note '£ 
depressed while one a& already down. 
an3 this in turn produces a multiple 
pulse k the output oi iCAb fhecircud 
anjuhd l C&c generates a clean SOOuS 
pulse irom this signal - mest impor- 
tant fer external devices such as 
sequencer a wfiioli count iii respvr ise 1o 
tuggers irom the keybuarc. when the 
eh irgc on C32 reaches (he threshold ol 
lC6c r the Output gbei high ard ClA 
charges vio D 18 and H35 After 500 u£. 
C 14 also reaches Ihe required level, the 
output is Jorced Uyw. and C34 besin&io 
discharge slowly through I^St. Fbr 
3QmS each pulse CIA inhihn;? 
iC&c so that no more pulses car occur 
ul the cutpu' dur ns Ik is period 

5»nce the -sample- ttnd- 1- okl voltage 
is updated betofe the key sate starts, a 
fust key depression would cause an 
unwanted pulse on tne key retrigger 
tine This i& eliminated by Dl?. which 
holds Use input cl lC€d hiRh until 3t-u 
gate is received. 
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The de-bcunced gale signal from 
C€a is inverted by Tff&, which dfiWBS 
Ihe 'hey gate out' interlace jack 015 
causes i he gate out signal to go law in 
response to Ihir key ret rigger signal. 
“R5 is arranged to poll the OLlput to 
+ 15-V to generate the gate signa — Ihis 
system allows gates Imm d^tOrent 
sources to be connected together. 
prOMid ing On Oft-lu n£hOn that g^tCA Ik 
conlrotled decree it any source Signal is 
high 

The output of the ssnipleand held 
Circuit (TR5, Cl 3 , ICSaiis passed to the 
glide circuit (R74. Rv4 . C13. iCSb) 
Which produces Sweeps Oetween suc- 
cessive notes. The time taken ferj new 
note voltage to he reached j s Control- 
ia ble f rem a 1 most 1 ns la utoneou s to Irve 
seconds (qr one oclave by flV4 IC5P is 3 
ovh inpul hi 35 Current op-amp avoid- 
•hg any voltage drop across Pv4 iha* 
would cause a perceptible pitch error 
with maul mum glide. 

Low Frequency 
Oscillator 

The Low Frequency Osollalcr (L.FO) 
Of a Syntnesi ser provides period c wa ve 


lUrritUrf tfcrCiyiiTU PCB 

lorms tor |he control of other modules 
Id produce (ncdulaLion of pile h. timbre. 
umpJi tude etc . When the synthesise iS 
being used alhor than tor simple 
melodic playing, the I FQ is often ihe 
main control source, and must have a 
wide fneoc*ncy taige and a choice of 
preose waveforms The Spectrum LfO 
nas a range of Over IM0: 1. tom 0.84Hz 
f2S second s per cycle) to a bout 42H ? 
Sinfr. In^ngie, rqmp. and square wave: 
forms 3 re available, plus two andrtional 
SlOP-typE waveforms., one giving, a r:EW 
random voltage on each cycle, the ether 


producing u wide range of repeating 
sequences. A LED flashes Td indicate 
the LFO cycle antf ■& very useful ter 
quickly chocking or sotting |tw- rate. 
Particular attention lias ton paid to 
waveiorm preciipn, and good sym- 
metry is retained over Ihe ftOQuency 
range Unlike many ether designs, no 
selling up is reqjrnjd 

Circuit 

Figu re S shows me circuit 01 the l FC. 

II is Iwsed around ICS lC9a r TPS, 3 r 16 
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and 17, which rtwm a precision mangle 
and square wave .Pieneralw IC3 isan 
integrator dr, yen -by the voUage at the 
wiper of RV6 r the Pate control. 

A low input iJiai turrent Op amp 
must be used lor ICB to preserve wove 
form symmetry since a bipolar de^ce 
would dram the input current signifi- 
cantly at tow frequencies* causing 
di ff en ng cb a rge and disc barge rales lor 
CL6 

1 1 . '-j tl is a com paratgr which reverses 
the voiiage at Hue integraioi input when 
its output roaches thresholds set by 
fildO anc 10 1 . so I he i ntesrator out out 
ramps up and down between h>e<l 
levels generating a triangle wave. IC9a 
drives Tfi£, 9, 16 and 17 which are 


configurer] as an additional comple- 
mentary pair output slags driving rhe 
integrator and ircni which Feedback to 
iC9a i& cbtained Si nee (his stage is 
non inverti ligand It] Ul taheslhe Signal 
tack to the non- inverting Input Of l£9a 
She leedbacFt is positive, causing the 
output to be either high or tow and 
giving the comparator hysteresis. An 
additional output stage is used because 
the maximum and minimum output 
voltages Pl Ihe op-amp are Lnpred ct- 
able and rarely symmetrical. This 
would give unequal times ror the iwo 
luilvus ol the cycle and wavelwms 
which were wot precisely symmetrical 
about 0V, since the thresholds ana 
derived iron’ the output of the com- 



parator e rcu«l 

The rrethed of producing the ramp- 
wave i s rat her unusual. T he mangle a nd 
square waves are Ti'sed ard holt' wive 
rectified by IC9b. Since only positive 
output values are allowed, ihe signal is 

"Cut off al vClt:, when Hie square 
lva^c i& high i e when me Wangle wa«e 
tailing. The result ni a pesihve going 
half-wave roc til, ed ramp wave, which 



f ijLjiii i. la* frwiiiMicy otciililGr c«g(v 1 ii«r.i™ 


7 





gives a complete ramp wave when Hie 
Iriangle wave (and an otfiet) is addled, 
producing a Slope durng the Nat' hall 
cy:le and 'lftlhcaneellinK l he slope 
during tlie ocher hah 

T he sine wave is generated by 
D1Q-27 and ftiSdCiited resistors Mini 
mum harmonic oomtenl ul ft sine wave 
used for control purp&Ses is nnt as 
►mporlanl as smoothness ol the wave- 
fc*m — it should nave no sharp 
changes, cm gradient and should slow 
dOwrt firad ually towards the p^aks Thus 
IS achieved by Iwo parallel drOClO 
shaping networks which ocl tn the 
triangle wave As the village increases 
on positive toll cycles, 02b conducts 
f i til. a nd then D26 con :l uc Is lust before 
the p-j-jh. wi in D2J, 27 acting on negj 
1 ivy- ha Ives. The sine wave is prod gced 
by muu ng I he Iwn component:* by ft 1 2b. 

a I iCKJtt S2b selects the ouLpui 
wMlftrm, with l€]0o and its mpul 
resistors mu King (tv components for 1 he 
ramp and sine waves and ensuring that 
alt waveforms have (he seme level The 
Outpul pi rC 10b i t the ’ L F O' si ipi-ii . and 
this is inverted by 1C ] 2a Id give '- LFO'. 

The LfC MAM' uutput gives Hie 
selected waveform at a level cnnirolled 
by the loysbc k ye* is RV 7 Is ( he jo/si-ck 
pet. acting as potential divider 'eel by 
■ LFO and hcllered by ICL2b. Since 1 lie 
joystick needs 1 o move m both direc- 
tions, there will be an rridelermunate 
amount ol LFO signal on il'ie wipei til 
fiv? when rix- stick is central Rvis 
Cancels this signal Out by introducing 
th-? jjrns polarity signal To tne ■ rwerf i«r 
I nput ut lCl2li This meanStbat moving 
the joystick one way mil give an 
increasing *-_FQ signal c-n the :FD MAM 
output, while the other direction will 
give - LFO. 

The regular and random lFC wftve 
forms are step type 1u notions which 
change levei abruptly at l he bf ginning 
of each cycle and remain lixed until Hie 
neit cycle starts They nre produced by 
the ■sample anti' hold circuit around 

Cl't and differ in hn* fy^tr ul mpul to the 
tfmple-and-hold (g/H), The random 
wave term has the Output Ol the noise 
generator as Ms source, producing a 

new ipr.don -1 vollage in I he mngr A? 5-V 

every cycle The regular waveform is 
more complicated since the soupce is 
periodic — a 20Hj rampwave which is 

synchronised Eli the ii>ji-i IfU This iS 
ggneraled by 1 he osc il I atOf a round TR6, 
7 -ijiiJ Cl 5. FR6 Is a eonslanl current 
so .nee, Einearly charging Cl 5 When I he 
voyage on C L 5 r»ch» * ?V. F rt7. u uni ■ 
FuiMttion iranii slot, unit on aod di& 
i. barges it to l CY via F?9 7. 1 1 om where it 
begi ns In l~ barge again Wd h ! he regular 
waveform output selected, £2a con 
nects CL 5 to ICtQft. winch buffers the 
ramp wave signal. TRIO is the S/H 
switch, nw mall y kept <it I by T FI I L which 
holds Us gate ncE-nlwr Upon thr? LFO 
square wave going negalive at the 
beginning o' a cycte. tin* pulse IfOnt 
CLStums Tfi] L obane TRJOisa lowed 
locoriducl. Cl 9 ciioifieslo the value of 
the input signal, and at the end of me 
sftmpre peuad. which lasts abom J ms. 
6 


TRIO tu i ns off again and 1 he charge on 
Cl? is held until Ihe nest sample 1C 1 1 
is a FET inout op-imp connected as a 
tibllage Ini lower, buffering Ihe voltage 
on Ihe capacitor. A low mpul bias 
currentceviceis necessary ic nimmuse 
the drain on C19„ achieving a tow 
voltage 'dfccp 1 between successive 
samplings 

The oulput of IC1 1 is ted to 1C I Ob 
where the S/H waueforir can be 
selected by 52b, with Ihe values t>l 
RUN. RL )5 cliwen lo produce a ;2.5Y 
ou l pul signal from the - 1 0. + 5V range ot 
the sampled voltage. WiLh 526 m the 
'Random' position, the signal «£ low 
pass iriierud by l ,o and C20 wi 
remove the burst d noise lhal appears 
while the sample-ard -hold FET is on. 
Though this is only 1ms tong, it could 
break through into the audio chain 
when us iik large modulation depths i '• 
VCF cutclf frequency or VCAapnpiiLude. 

The effect o-t sampling a conslam 
l requenty ra mp wt>ve at a regular rate i £ 
l o produce complex repealing sequen 



:., -.■- 1 1 lii b*C u 


Fy;urn 15 I In, CFM 3 mo 

cl-s c-l voHfljjes. the sequence length 
and lyp:r being deter mined by lire 
sampting and sampled i regencies 
This is oFten used lo produce note 
sequences by rnuOulaliiij; a VtTQ wnh 
the sample -and -hold uutpul, but Jui 
tors from the disadvantage that the 
sligh lesl change m so mpli ng frequenc y 
or the frequency ol the sampled wove - 
rorm changes tbie effect In praclice il is 
very di ff icult logel v prec isely repeati ng 
sequence, r.ither t l.in one Whit h has o 
repel nive '| lie nie r 1* ut stead ity changes 

ai a pan of a truly repeating sequence 
wnh a much ioniser period in other 
words. The results are alien Im complex 
and uiicornmllflble lo be usclut, and 
some meihod >s needed lo restrict Ihe 
S H waveform to shorter repeating 
sequences The Speclnrm isunrquem 
ci '.will M ni tins, amJ does so by 
prematurely reselling the rampwave 
05ci U atcr iF 1 1 is near Iho end or its c yde 
wliensai o : ing occurs Rele r nnj-i back 
tu trie LFO circuil dias/an^ (hb is 
achieved byC17 and R99 whoh couple 
pulses Porn ihe LFO square wave to 


base] ol TR7. Hie uni| unction transistor 
m Ihe rampwave generaror. When Ihe 
squsra wove goes lo^w. the resei 
threshold &1 TR7 iselfect Ugly reduced 
byabcmi I voft.^oiUhevaiugeonClS 
is above »4V a; this insumi. the ramp 
wave i s reset early and the -sample -aid ■ 
bold receives the voltage al the slurt ul 
the next ramp cycle, i.e - 10V. The 
r ampwa^e ficneralor Ihen runs normal- 
fy until the rwxi time it fans above 
on ft sample, whereupon tas reset and 
tbfl sequence is repeated exactly. The 
time taken lor this to occur depends 
upon the Iratsuency ratio, hut Since the 
synch reni sa he a rs quiEe vrea k, seq uen - 
ces from very short lo quile Jong are 
easily Pblairitfd ftotl very long sequen- 
ce s ere lermi nelcd w hen itie prema lure 
reset condition arises. 

The LFO Square wave is sent 10 the 
envelope generator and ihaoer 
separately from Hie waveform selector 
switch and modulation routing, where it 
can oe used ID gale Ito envelopes 
repcitedly 

VCO^j and AssoccaLed 
Circuitry 

The Vnliftpe Controlled Oscillators 
(VCDs) axe the heart of Ihe analogue 
Synlliesiser, .kkj tn a great eKleiil 
determine the overall qualify of the 
inslrurrenl In evponenlial synthesi- 
sers they mu s-l oe ca-reiul ydesigrtOd to 
give art accurate and temporal jre 
componsalod coiilrql scale; this nor- 
many mokes them the most expensive 
sections and requires complex selling 
Up- 

In most STiftN synthesisers the 
Voltage Controlled Trller is the oram?ry 
timbre-determining section, with vona. 
Hons between design* rt-£pon&ible 1 or 
Ihe charactonslrc sounds of dille-iL-nl 
iriElfgmejits The VCOi Play a lesser 
part m tone farming, with a limited 
choice ol basit waveforms available lo 
the plftypr The Spectrum Syn-I hesiser 
incorMrales tfesian techniques never 
before u&ed rn an mEtrLiment ol this 
lypir Id pr^v^d 1 . , a veiy wide range of 
differenl timbres Horn Ihe oscillator 
sechon by ustny; the two VCOs m 
Cpmbinalion 

Circuit 

Figure 0 ■.nn-'.v^ Eh t ; CfoUit liiagr.im 

oi the Voltage Coni roiled Oscillators. 
The oscillator contra! circuitry and the 
sechons lhal corribmc the VCO Signals 
by Srcqucncy modulation and synchro 
nisalion are also included 

Each VC 0 uses the CEM 3340 1C. 
af i.;i specifically des gned for this 
kind or .ipulicfthon, allowing a versatile 
and precise VCQ 111 be built with gieal 
improvc-menls 111 cost, component 
■:qun' arid Spt^ilicdtion over cliscrtile 
dosiffis The OEM il?TD was lully 
described by Claries Gift -fey m MC's for 
ElecIromusiC, E&MM March 'dl. SO 
except where il£- usage in this design i* 
uriusjal. wo shall nol discu&s it in g-eal 
depth here- The internal diagram is 
Shown m Figure LO. The device is an 





exponential vCQ with r ■ ni^a r FM, syrc, 
CH Ifcd puls* width control inputa Id 5 

a*k\ iCtfi aw the tuici* rtf Vfifl L And 
V00 2 respectively. and pin IFi ol each 
iS the exponential con Ird mpu L This isu 
virl ua I eo rth su m mio^ nodi! so each Ol 
I*-* required signals For VOO pitch 
control are routed to this do-ih via a 
resrSlor whose value which determines 
1 he control relAtionship (the amount of 
ptch change for a given voltage 
change). with me stale tnm presets 
correctly set, 1001. gives the required 
keyboard control relationship or ] v/ 
0;t3w. 

IC7a inverts the dulput ol the glide 
circuit. and Applies an offset cqlhal the 
in ddte C ' pi the keyboard generates a 
key C v or OV T his -simpli fies i nterlac ing 
wLh addi tonal equipment Tht 'Tune r 
pel rwvb) shirts vie pitch up to ± 2 
£tmi|.orH.'s. REH> limits the current 
Supplied by IC7a bul does not a If eel the 
wttaee- under normal conditions. This 
is required since IheCY is momenta^ ly 
shorted to earth -Alien trie oil inf end ni 
the patch lead <rom J K2 . the key tv our 
interlace lack is plugged imto another 
p*ece pi equipmenrl 

T he key CV signal 15 ted 15 VCO ] and 
V002 vjfl B1G2 and Rtfi3 respectively, 
which are 100k ]' metal film resistors 
wth a tempwalureco -efficient »J better 

than 1-Mp pm/ P C , the credsiOh i£rot 

important stnee l he scale is irrmmed, 
but Che low tempeiature co elFicient is 
required tP ensure Ih.il Ihe control 
relalmrjt.hu ienumt. Lonstaril with 
varying tempera tu i*. 1C 15 and I C 1 -G are 
internally compensated lor tempera- 
ture changes, but stability ui external 
control signals is iusl as, important 
where n affects control scale. 

The VCO CV interlace socket 
accepts an external voltage 1u>m a 
device such as a Sequence! lor adfk 
tional precise control oflheVCOs. Tie 
voltage is buffered by IC7b and led to 
p n IS ol I C L & by R L .1 7. R 1 &i ana R V2 3 , 
and to pn 15 Of IC1& by PI 43, RE 55 
and RV22, Though 100 k 1 J resistors 
would give- c control scale as precis* as 
that for the keyboard, the external CV 
must match key CV lor scale exactly SO 
fiV21 and RV2 2 are included S5.RV15. 
S7, and RL57-361 perform the Mcdua 
tun routing thr the VCOs. S5 seleclsine 
source irem among the envelope gen- 
e-ator, low frequency oscillator, aid 
noise jr*ene raior. a-rd HV 1 5 coni 1 ol S toe 
dept h ol modulation from 0 :o 5 octaves 
when controlling pilch A pg-inthmie 
pot. is used 1o provide line control At low 
modulation depths 57 selects (he 
OHXlulaticn luncticn Vom pulse widlh. 
where al maximum depth flic range is 
50 pitch modulation of a-ther VCQ.Or 
both vCOs simultaneously The 'Oil' 
pos.it 1 in en.ibiu-. a modulation eltec-tlo 
be preset and then switched in when 
required 

The ccnl roller enables the KJy Slick 
or an asternal device 10 control either nr 
both oscilatar pitches, pulse Width, nr 
1 liter cutoff I requeue y with variable 
dflpth 1C L 4 a ampl lies 1 he voltage from 
the wip*i of RV13, the x-axi^ joystick 


r-gui c il. Sjk II 

pci With the controller in-" Out socket 
unused. RUl4 controls the amount of 
loyihCk wlrasie modulating the funp- 
t on selected by 56. The 1 OyShC k vqI tage 
is available al the controller socket For 
control of additional equipment. o r a 
foot pvda wired as a variable resistance 
to e.irth can be connected to control the 
se«ec1ed lunclion The jby&li-Ck vOltag.e 
can be avernder by patching in a 
voltage r-Qfii an external tawimpe 
dsoeo rtutu 1 . 1 i A signal from a ( 11311 - 
impedance Outpul will be muted wfh 
me jpy&fick voltage. 

Each VCO has 0 rangt selector 

\wiich wtach TrAilSpOSe?. the hitch Up or 

down dw p a iblal tang* of six octaves. 
The vol tages forth? d iHerent langts are 
C-rovided ay the potential divider com 
traed of fi 3 33 -R 1 33. RV? L 2 and RV L 9 
The 64' pugihon it connected toOV.and 
so adds rorhins to (he basic pitch for 
each vtjy sei by k; l t and lh. Succt-s- 
LJvely higher positions Ot I ho rarge 
swilchtfs S3 and 54 udd 2 4 volts per 
posilion R14S pniu rivs rh»- r-Onivt 
Cu rron I /I tequuntay latrenship l&r VCO 
1. while VCO 2\ control mdul maybe 
f'immed by RV20 so that tFie DsciHators 
remain exactly In tunedunnp octave 
swi I thing The se lected voltages aro nol 
sent directly to the vC0& but are 
buttered hy l£lS Thu \ prevents IFve 
Currents taken tf^ R145. RL46 and 


FV2fl from allectinp, 1 he vol lag-rt nu Ifre 
divider, which wbutij otFiem ■■ ju-?t 
the ppsihon of the ranjfL’ Switch of ate 
VCO lb effect the pitch ol Ihe oLher C22 
and J3 store the Iasi selected volt ace 
while S3 and S4 wmch must be broah 
tefene-muke to avoid short ir>g out 
sect tons &r the div»der. ate between 
switch pjsmun^ Oil m.irw 'lyllllies. 
sers r ch^njuing the oscillator rangu 
causes a spurious plcli Id be gen 
araled. which o(ten iibpiiir^ as an 
annoying ‘blip' il a note il sound ng 
t!22 and 2 3 maintain the pitch during 
r ie dtangeovor and allow perfect cu. 
Cave switching white playing. R]4], 

are included so i'iai upon Either 
range be-in^ chadded. Ihu charge Cu.r 
f^nts ni C.?? and 22 are kepi Juw 1 • Hr3t^: h 
to eliminate any perceptible tnonnen 
lary pitch drop due to drjim on |Fi* 

divider 

One spec la I f eatu reofUteCEM 331 b 
1 Sll 1 ehne .11 frequency modufatiort 1 FVU 
in pul, 'Ahich al lows I he treq Itency or Ihe 
VCO to tie modutaied by ao audio 
Itequency Signal ler tile creation Pi new 
limb res. The current a I IFus input [pun 
13 ( i& multi pfie-d by Che expOnenlrated 
pitch coniroi vtHtage. so rhai s consign 
percentage FM deplh is 'n;j mfqi ne-d 
Oner the range of Ihe 0 so- Hater (see 
Arlvn nr;eirl Mir.u fiynlhe 'S' FftWt-1 
i'.T-i tc h ‘8lJ Thr- ■ s idea I Ic like y board 
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twsefl synthesiser such as the Spec- 
trum., samte il allows .3 FM son* to be sel 
up and played trom 1 he keyboard in 1 he 
same way as a simple wave form is 

the FM & Sync function swUch In 1 he 
'FM' and TM ► Sync I' positions, the 
triangle output ol VCO l r hewn lCL9a. iS 
fed to dte li near FM inpul at VCO 2. CSb 
removes the DC o'isel iron the triangle 
wove and is atr.fanged with R19Q belore 
S8 and the FM Oeplh control, so 
Inal the depth -can be altered wilhOu-1 
I He charge on C3G changing and caus- 
ing a brief unwanted Frequency Shilt 
The value Pi R3S3 has been chosen la 
Rive hj£ under + 1 00 in frequency 
modulation depth with RV2-6 at 
maximum 

The CltA 3340 is equipped wiih 
synchronisation inputs whith can be 
fed wih pulses irom another VCO to- 
Igck the VCOs to the same IrequSrtCy, 
TFK j 'herd Sync 1 inpul accepts positive 
and negative going pulses which GPuSC 
the frlertfite wave to reverse direction 
burmg its rising and (ailing seclions 
ic spec lively The 'soil sync' input fines 
accede tn the potential divider that 
producer (he upper threshold vdtage 
r or (he trrangle wave, and by applying 
negative SulSCS 10 this pO«nt the triangle 
wave is reversed at its upper peak when 
■i reaches the po nt at which the npuL 
pulses cause die Ihieshold to drop 
below the level of the waveform NeiUter 
qi these melhods provide true syn 
chronisaiifln since this relies on the 
waveform being reset to a fixed point 
each nmc. rather i han merely revering 
its direct on. The sync inputs provided 
do enable the waveform to- be syn 
Chm *ed to the ’requency of the riput 
pulses. SO Stri ctly it is correct to cell the 
etlect Synchronisation. Ihough 'hard' 
and ■soli' normal ly relei to till Ferenc 
degrees of the same effect, with hard 
sync causing unconditional resel of Ihe 
waveform . a nd soli sync causing reset if 
the waveform vuluest thal time ism a 
particular range, usually ribbve 2 cer- 
tain revel. The synchronisation lac I'tles 
provided pn the GEM 3340 are unsuit- 
able tru' the creat on of rt£?wr wavefqrms, 


the nioit use I ui property of 1 rue sync. so 
the Speclrum uses adCiLipi'Ol Circuitry 
to achieve IhiS 

The synch rtinisalion circuit appears 
in the bottom right hane comer ot Figure 
9. SSt is the pole ol Ihe TM & &yne 
function switch Ihal controls Jus Ci r 
curt. When sync is Oil !jn Ihe Oft' and 
'FM' positions) pm 33 of lCl?d is held 
(dw blocking 1 he pulse wave trgisi VCO I , 
Ihe master' oscillator When Sync is 
Si'leclOd. Ihe pulse wave is inverted by 
the MAN D galea nd the fa Hinge C ges ar$ 
differentiated 1o give lOus wide nega 
i we pulses that tu rn T Rl 5 on. T R 1 & end 
TR.I7 are FETs that provide a low 
resistance path from C34, the integra- 
tor CPpiialO* of IC1&. to the potential 
divider R215 r KV2&, RV30 when either 
gale is allowed to go high Without sync 
selected, the FETs are field pfl by R2 12 
via D2‘3 and D30. '.Yith SB m the "Sync I' 
or FM * Sync I position, ihe gate ol 
TR17 is connected to -l&V holding it 
0 ( 1 . but on each sync pulse- R234 is 
allowed to linn on TRIG. and CIA 
tfischjjrEjc-s to ihe village sel by RV30 
With Sync 1 1 Sheeted TRIG IS held of I 
and T R 1 7 d: sc barges C34 to Ihe voltage 
cn the wiper of RV£9, Hence, at Ihe end 
(H each eyefe ht VC0 L. VCO 2'& wave 
Iprm >s reset to one oF two positions 
depending OP winch type of syrthroni' 
^aiiun is selected . 

^ enn be seen fnom the internal 
diagram ol theCEM 3340 the voltage on 
Ihe integrator capacitor al pm 13 is 
buffered to dnv? the comparator, tri- 
angle wave OulpUt and ramp wave 
Shaping circjlL The comparator 
switches Ihe threshold and direction ol 
the triangle waveform when [he 
selected threshold i& reached The 
butler produces. an olfSfil &1 about 
S &Y and since the comparator refers 
to (he outpul o( the buffu the voltage 
on line ca puC HOr ramps between d ppm* 
► l.&Y and .-&Y. HV3C is sol to return 
Ihe b-rlfered waveform to just betowQV 
corresponding to abCut 15V on its 
wiper, This maces sure that Ihe internal 
comparator is set to ils nsing slate l>y 
(he waveform crossing Ihe lower 


threshold Hence Sync I tt-uses the 
mangle wave to begin an upward stop:' 
Irorn ks minimum value at tbe end cl 
each VCO I Cycle, Sync « ditfsrs in that 
the triangle wave is £Ct (0 its irndpcinl 
and proceeds in (he -vtrrw» dito^ltoh ns 
betore Ihe sync pulse. F.e. Uto com- 
pa ratOf stale i & unaf fee ted . TFus mtq ns 
that Slight changes pt Irequency thal 
bung rhe If CO ? tnangte wave to a pea ■- 
belore the Sync pulK, where the syn: 
pulse previously CdLiehl the waveiorn 
just before it rearhwl rtui rnn cause 
di scenfm m Lies in the tone and pitch r.t 
the sound Tais is a feature ol the mtch 
quantising effect Ol Sync Jl. where the 
pitcli hi VUP 2 pumps from one nai 
mortiC ID The next d&lhe control voltage 
to VCO 2 is increased. As a result of the 
facl Ihal a lernnie sec-fions ol the 
wavelorm between &ync resets are 
inverted il tFw Sync pecuiS-onalternal:' 
rising and falling slopes, lhi?n& i& 
inherent divide- Py Iwb'MJ me Hannon 
iPS generated are really Ihnse Ol the 
sub PCEave of vCOl Figure 11 shows 
some eiam p le-s nf Sync li wa velar ms, 
those between the second and ihird 
harmonics oi the SubtoCtave of VDDI 
Noie that as (he rale Ol VC02 is 
increased harmonics Ot llto VCOL 
fundamental increase in ampliUKfe 
until me- period is suddenly doubled 
with ihe irttnadudion nf Ihe sub-octave 
component a«xl treni there on Ih? 
harmonics diminish until Ihe Inangl-- 
waw is restored at a higher Irequoncy 

Sync I produces a smooth change in 
licnbre as VC02 is SwepL. -si-ice each 
lime sync rose! occurs. Uto cycle starts 
in the same way, Tr*% nukes it more 
uselul tor limbre modutetiofi whereas 
&ynq 1 1 is best for pilch el IOC'S One qf 
the simplesl uses i& tn generate The 
effect ol a to wave recimed ramp wave 
ntuch can be module*! (rerT1 a c *' r ' 
pfele ramp to d Ifrangle wave Item Ihe 
triangle output, &n other syrthesiserc 
this >s qtcsnip£inie(t by a volume 
change, Ihe lnanyilewove be-inghaH the 
,.i m Hude o' the rampwavf . hul witi 
synch rpnisation 1 1 1 £ lavul ffnin ns fi t ed 
Over the range, and ol CCurso Ihj 
waveform Eliiprt can be swept much 
further i n bolh direction* At. the or 
VCQ2 is difcreaised. a dimirishing 
rams wave is produced giving a new 
method of amplitude motlulahon As I 
is increased the bawl of accentuated 
harmonics sweeps up Ihe spectrum. 
Figure l? snows same 'Sync t" wava- 
Fur ms oblamed t rom the 1 rtonsto (iuluut 
wilh ctiifemnr r ela l ionshi ps butwwn the 
rates Pi the iwo IFCOl. 

So far we ha ms on: i con&idanrcl h .i rd 
synchronisation, where ihtVC0i2 Cydf 
is restarted on every cycle or 7C0. This 
givrt 1h& mi put of VC02 Ihe same 
period a s thal or VOU l.onni some CaWS 
of Sync FI, couble that II Ihe natural 
rretiuoncy Of VC02 IS ad|US1ed to a 
muluple Of me VCO] frequency, it wi - 
produce |[& natural waveform though 
beating e Ilects are SHffiinaled and a 
Slight change nl erther Frequency wi 
■ nt reduce components Of ine VCO l 
wavolomi into VC02's oulput revealtni; 
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the true p-?r«l Sort syflcHformatiftn 
causes resel only if VtOZ »s cast a 
particular poinl in ils cyoleand enables 
Ihe pitches to bo locked in musical 
intervals corresponding to fraclranal 
frequency raiios such 0 . 5 3:? (a perfect 
litlh), 4. ^ (a perfect lourtb) and 5 4 (a 
maior third) Conventional discrete 
rantpwtive osetllalors achieve sol: sync 
by nuttrpg pUses on the ramp ‘5 upper 
threshold in me wme wAy as the 
Spec tfLim LFQ produces its rtj^.i 1 ..ir H 
waveform The Spectrum VCQ& uSO a 
more Advanced method which allows 
precise sync nraliosas ;> as 500-1 09 
for example. cielheV 02 waveform 
is reset once every 5C£l cycle Such 
weak synchrom jaiion .& '.'a- d as 1 
series ul Clicks rather Ihcm m uctual 
change or VC 02 ‘s pilch Out mler 
mediate sellings cap give com pi** 
waveforms suitable lor imitating many 
elusive sounds w Ih ex.- plex harm 11 
its such as nose of engines, creak ng 
doors etc The synchronisation cpnhol 
m the f M £ Sync ration writs the 
depth Ol Sync I or II ifcm zero 
(.equivalent to no sync selected by the 
function swl h) through ir reas;qj; 
depths of soil sync to t»,vd sync , 1 : the 
masurium Sn-llmg 

The synchronisation conhol uses 
Ihe pulse laciidyol the 1 CEM 33-10 
to r-h'b-5 re >.q unlH Ih; rynipw.ive of 
VC02 has, crowd a certain ppml in it*, 
ty 0 . Reference to Figure 10 shows 
that thi- pulse wav- - is normaNy derived 
rr -on (hi: r .improve !>y cpi paiing -t 
with Ih* I nr pin5 1 hi -pcils width 
mcXEUl tion input The output al p<n4 is 
II PL*r> NRN ■ hi ' which is high 
while the ramp wave I Or' iberc-w (he 
™ control voltage This output iS 
connected ta the pm ton cd 3-10. 
R 1 1 ml he base ci :u L of IR15 id for 
tfk irrsl portion 01 VC02s cyc le I ho 
T R - ] 5 su held off n dthe ,ync pulsesaie 
prevented from resetting she sylIa. 
The proportion 1 the cycle lor which 
Sync reset is nti b> 1 is deter mined by 
ihe setting of flVZf the .ynch oniwtiou 
control, winch ■ pphes a variable 
vo!* igelo t he P’.V com rol input. With the 
SynthnJrtisa(ion nontrel ill 0 {>5V at 
[,ir. 5 5 no &yrK reyet ctWOOCur Al 10 (0 V 
■ 1 ptitE) the PW output at pin J Has no 
eltid and every sync pulStf causes, 
reset (hard synci 

r Igljrc 13 illustrates iin example ol 

how &jQd i syrChrOn ifiation (uSrrtj£ Syrvc 
II) looks the pitch ol the slave VCQ 
f YCG2 1 1 n j mpsit al infer wii wi th ;hat of 
me master VCO (VCQL). m this ca'e a 
fctrtli (a frequency ratio of 4:31 The 
sync pulsus 'i nd waveform ul ms- base 
Ol T R J include positive going pulses 
(pioduced by ihe rising edges cd the 
pu Sewave) but (best’ I ave no etlecl on 
Circuit operation so 3 re omitted tor 
straipiiviiy W itidui me synchronisation 
operating, the taiicr il 1 he vCQ fre- 
quencies would he 3-9. 30. 3 fiat fourth 
Th* dotted line shown against thevw? 
ramp wave represents ttre level at the 
PW cwitiat input of IC 15. pm and 
conesponds to a selling ol 3 cn the 
synchronisation control Wink til* 
I? 


ramp is below this level Ihe base ol 
Tff]h is held high, blocking ihe sync 
piits^e^ T ) 11 ; ph^is* or the liigli . r fr*. 

quency VC02 wJveibrfns advances 
until a sync pulse co-r.odes wth the 
portion of Ihe ramp above he dolled 
Imvc, and tl le tfCGZ Wave J01 1 1 1 1 s I eset lu 
;ero tppinl A'l This bungs Ihe ramps 
mts phase, and u mil the sy : p i^e =. 
atl-.iiri successful (point ‘O'y, V002 runs 
I reel y Tl^ugli the tpurlli abov COl s 
pitch is heard Clearly ,n the ut ul r - 
VC02 r Ihe actual pilch o-t VCt>2 m 1w- 
ociaves below this, ai ihe lowed com 

11 IUII (Jeliuiuiridtur uf the |wn fivqu. ■ I1L 

ies. In prattioe thix can hn e immal *d 
by Cunmg VC.-02 "p unti a m ar n ; '.:cl 


triangle or rarrst is produced, with trie 
sync prjises 1 1 it- i cfllchmg the end 01 
each, lour'h cycle, bu, s nee the extra 
components lonm a i 1. 1 n i* at the 
tool or the chord u r. ui 1 b.; leu m ip 

prudu e r cher sour .' 

V'l u =ru: Mil: y ■ luuiiiscll U11, 

1 h P'.V out put el I i lb tur r>s TR 1 5 oil as 
soj 1 Ih 1 reset takes ihe ramp 
wav erm Del -■■ the ■. adage on the 
wiper ui ihe sync control (Hie duELed 
' ne ■ T hus, would ca use tb? n ,v c yc le 1o 
ftepyr j| &omh? o- >nt Above O'/ it yt with 
^ynC II above ?5Vi depending on ihe 

e h " 1 n i i t-tv ■ ■ 1 I if bpi t: tl ie 5yri0 pul;*? 
C-' R is included to heeptfie F E T on tor j 
sh- rttbrn ; af te' the reset turns TR 15 Off, 



-ensuring Lhat C34 di&Chargrss 13 me 
voltage cn the potential divider. 

7 lit pulse w-aw cnjtp.it ol VCOI i% 
variable from 0 1o 50 by tfie Pulse 
Width CCiibOl and IrgmQlo 100' wdh 
modulaHori It! Jib sums the* VOUaftes 
from the PW coni rob modulation raui- 
mg and cdnlruMfr The Output h low- 
pass Mitered by PI 30 . C2E beFdn? being 
ltd l>j LI it PVf ranlral inpul or 1C 15 r his 
is to prevent si ray feedback bom the 
pulse output causing a Iasi bursl ol 
Dulses on ihe Mi i he edge which would 
contuse (he sub-octave generator. C29 
perform* (be same function on 1C 36, 
preventing spurious synchronisation 
pulscsi. The pulse oulpul el pin 4 qF 
1C 3 b ps pii II erf d-o.vn by PI-87 Thfc wave- 
form is stiatpened up by IClFi, a 
Schmitt WAND gale connected as an 
in wrier, and used 1c e lock the 1 1 id -Hop 
C18-S This produces a square wave oF 
(13 it (be frequency, which is mrsiM wim 

the pul or wflve to give Nik »ub -octave 
waveform. 

Tile Ihm flop input would oscillate 
with the : ; .-li i.'t i-dries ol the raw- pulse 
output of IC3 5. so the S hmrft gale is 
necessary ror isroper division 

The pulse Qjlput ol 1C 1 5 IS Ihe 

MHin.e lor llie SjfrtCbryniSdl ilbI cmCuiI, 

SO (he Sync filed can lie turned cn and 
all by modu im irv. I he Pw through O' 
Hence, lor example, I he loyslrck cue be 

,ised it? bring m parallal harmonies or 
Ihe Iree phase soLiisd ol unison osul 
alors COuld be mtioduced by the 
a 1 1 veluptr j-L-neratuI a^, a iluLe deLays 






Fi-turii 14 Ctaic «j,;ill.il«J n*icrM»™. 

1 he VC02 pulse is derived from the 
rampwave by U 17b RV27 allows its 
width to [xr bi-t VCOE's SUb -octave 
waveform is generated by iCISfc, 

The rampwavf? fflltpnls nl 1C 15 and 
ICI6 are used dirccNy a-nJ the Imangle 
■wave del puts a re buffered by 1C 1 9a and 
b respectively “he half-wave mb Ned 
ramp waveTorms are produced by 
hiixibg ibe tfiaiv;le and ra mpwaves in 
equal proportions and S10 aie me 
vwividnrm sel’i-rnr ■ivnri'hi'-S For l!w? 1wf5 
oscillators, and connect to a virtual 
earth Summing mode I n I he VCF Cif«; mt 
R 1 95-200 are chosen to give equal 
peak amplitudes lor Hie dillerenl waw 
for ms. 





The two sub -octave square w&vei 
are NAND ed SO provide the drive 1o the 
lumny. LE D When trie waveforms 4 inr 
Out ©I- phB w . : he culp Jt is high and I he 
lEO Pi: Advancing phase dillerence 
due ro slighlty dilletenl frequencies 
produces a pulse wav^ lhal vanes I ram 

LDO to 50 wdih, displaying the teats 

as lluclualing LEO brightness 

Ring Modulator 
and Noise 

"3 h- ii ut; modulator (Figure J5> is 
based around IC20 and processes Ihe 
pulse wave ol VC03 and Ihe triangle 
wave Of V C02 to produce complex, non 
harmomc SojndS. it Funcbons in a 
Similar way fc the rampwave Shaper rr 
the Spretrum LfO by invert ing the 
triangle wave about its midpoint when 
Che pulse wave IS high, and leaving it 
unchanged when low, This, constitutes 
Four quadrant multi ulioaluon of the 
vafueof (be tr angle wave by Ihe value c 
the pulse wave C-l or + 1 j When the 
pulse Output is IfYW TRIP ■£. nit a nri I Ilf 
1 bangle wave i s i reverted wi th 3£.ii n of 2 
by lC?0a The output s mixed wi(h the 
pnfiinai tnanele wave of hair tlieampii 
tudtarid opposite phase by iCJOd.Wim 
the pulse dulput high the CbledPi o‘ 
T R 1 2 is al - 1 h\ a nd (Fie Output Ol lC2fja 
it po^iliire This reverse biases H3? arhl 
no signal rear; hes IC20 b via R22 ! The 
original trrangje wave is inverted by 


iC20b jnd shifted by live currant 
througfi R220 The output dI iCZOt is 
LFte ieyuiiK.1 prixluct 

Ttic nmse genera lor is quile can- 
ventional. using Uie thernnai norse of a 
semiconductor igncfron as a source 
TR] •i amplifies the noise pn I he emitter 
of TRJ3 1g about ImV p p which is 
hwsted 10 ±2 bv by \C 2 \ itv31 nines 

I lie ripiSe -nid IV \1 ^i^iliI;,, vjhiC-b are 

then led lo iC?2. a transconduclance 
amphlier which acls as a VC A. S3 3 b 
selacls me appreonale modulation 
source, which is ocndi I loued by tC23. 
The LFO signals am symmetrical about 

Ov. whllsl -EG Ir0«3 l>V |<j ^5-v 

arid -EG FrOm UV 1c -5-V In order 
thai an mew signals tuve the same 
efret 1 . 1 heretore. an ol I it-l rs selecicd by 
la and added lo the modulatiofi so 
llioi pm £ Ol lC?S always Swir^i 
Ul- . ween DV C ma xi mu m tiai n i anti iicmut 
-34 volfs The CAJOfiO is really a 
cuheiil cuulrolled ampldier, and so 
R227 converts this jqltage Swing i mo a 
control currenl Since iC?3 cannot 
comeletelv cut this currenl oil. R23S 
and diod:’ D33 D3S are included to 
ensure met the amsliiier is truly on at 

(He maximum negative control voltage. 

The Filter 

ffid heart cf ihe iiiier is trie CEf.i 
3320 1C rnom Curhs Einciromusic 
Specialicies. Designed especially for 
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i: II' voltage controlled liters.. this 1C 

ccfilains lour identical filler 1 elements 
controlled by a tempflratune compen- 
sated exponential convene". Each ele- 
ment contains a transconductance 
typfl amplifier plus a buder amolil erto 
■:! /Old loading of Ihe TCA's output 
[> pending on how the circuit is corv 
nected, either low or high pass 
titer sections may be Created BV in 
Fggre ;t: Ihe three modes of Ihe 
Saecl rum's hJCei are formed by Oil- 
ferent combinations of theie 

The low pass response is obtained 
with lour low pass r ilfer sections; Since 
each section has a roll oil ol -6d0/ 
oclave, tire d veral I filter s lope is - 24 dG/ 
octave Tiie band pass response has 
Iwd Jow pass sections. preceded l?yl™d 
high pass sections so that only signals 
in a narrow range ol -frequencies are 
a Inwgd Eli rough "he low band pass 
pbSftiOn. as yOu "flight expect, >s a 
mixture Of the preceding two configure- 
lions ard consists or only one high pass 
section foiiOwaS by ti-iret low pass 
Slaves, Switch St? rearranges the 
signal paths and biasing around the 1C 
In allow the Ihm 1 rtilfereni configura- 
tions to be achieved. 

The hnai pan o" the CEM 3320 is a 
tilth tran’S-OnduClahC-e type amplilrer 
with ns own com mi input. Tiiis is used 
ir a teed back loop around the lilter to 
control the 'Q'or resonance; this causes 
frequencies a rntinr Ihe Filter'scut-allor 
centre Iroquency Cdependingon made! 
to he accenlualed, RV36 is the rescn- 
ance conh ol , a nd ils range has been set 
such dial the band pass fHlei will 
oscillate ar the maurmum setting or this 
con 1 1 pi to give a sine wave whose fre 
fluency cm he c-nnrrol led hy thn filler's 
cul off ctxilioi voltage. 

JC24l> i& a lour input mixer, accept 
ifE signals from li e VCOs, Ihe nrnse/ 
R".t VC A aul Ihe external mpui socket 
JK?. R242 is included to combat stray 
c .1 pa : lance effects ca used by the long 
leans to foe VCO waveform selector's 

The CE M 3320 dc»es. not have a sue ; 
mme coni roi input as I he oscifia tors t o. 
aftd so lC£6 performs INs lnnCln>n As 
well as modulation inputs selected by 
$13. me hey CV is led in via the 
'keyboard follow" Control RV40, When 
Ibis ccntrot is at maximum, the iille^'s 
cul off IfSCjuency has the same LV/ 
octave lawaslhe oscillators* and hence 
w!l track ne keyboard so I hat the notes 
have d constant limbic On most, 
acoustic rvslruments, however, the 


n. 



upper nolsi have les? harmonics than 

ne lower ones, and if the key Cw is 
Oltenualitd by RV4Q IHi-s e^ect may be 
CtMained on the Spectrum. RV37 is 
included ;t> allow setting up ol the iVr 
CCtave law. and i( required, may be set 
to give the r evers e ol the a Dove eifoet i n 
this case, setting the J kvybg?r-d folJpw" 
icnirar to 10 will cause higktr- notes to 
I'ave more h4rWtniCS, ani true key- 
board follpwingwil oocu rat some lower 
setting 

Since the fitter control characteris- 
tic is no! as critical as that of Ihe 
osci Motors, low temperature coellici on! 
components are not really receswr^ in 
this pert of i he circuit. One exception to 
Ibis ctkild be where Ihe lilter is made to 
oscillate lo set ss s third vcD: in This 
case. R249. 251. 256. 257. 260. 244. 
257, 266 and 270 should be 1^ metal 
lilm types anri RV17 shoulc be a multi- 
ill m cermet component for pngo-se 

Setting up 

Voltage Controlled 
Amplifier and Pan 

The last board in the synthesiser, 
but by no hnwanslhe least, contains i*o 
VC As and two envelope generators 
icGsj; lhu overall Circuit is given in 


Figure 17 Both VCAs are contained m 
JC2S a CEM 3330 

Some samples ol Ibis lU oscillate as 
they get v-arm. anc so the d ssipebon ie 
mnimised by running IC2S from *10 

-uUltfr -iIjmj.-l'lI lU-pn JA4 1 T h i=. nol only 

cures the instability problem, bul Helps 
fb reduce noise generated m IheVCAs. 

lC2Ba pedorms the envelope shap 
ing iqnccion, and is fed wnn ine 
envelope signal via R274 since this 1C 
■works win current inputs and out puls 
father than voltages -R273 porlerms 
Ike same fund on for the audio inpul. 
whilst IC73b converts the output cur 
rent back mto a voltage 

Panning and nodulohon jre p?r 
formed by lC2Sb, which works in an 
-denfical nanner to IC2Sa. audio and 
Cnn-trol inputs are via R23.7 and R2S0 
respectively, and Pulput conversion ns 
dong by iC29c. When ihe FUNCTION 
switch, 314 is in one ol the MOD 
positions, Dflih stereo outputs are 
connected to the second '7CA, when 
then Simply modulpleS the amplitude 
pt the envelope ?.haper output accc*d- 
i ng to the LEO waveform. IC30 amplilies 
and tevel shifts the selecled waveforms 
sa that Ihe Lop end of KV42 always 
S-wings between 0 and * ]£V Irtslead pr 
going toOV, whi ch would cause I C28b lo 
cul off the Signa- when Ihe QEP^H 
tonlrm was at minimum, the other cmrl 
or RV42 goes to a reierence wpataeo 
generaied by R292. 2^3. fiv44 antt 
buffered by lC27a 

m the pan mode, only one stereo 
cutpul comes from the st^ond VCAiine 
Olher is fed irom the input *t this VCA. 
Hip envelope ^hapsr'^fjutpiit. v-^a IC294 
which sublracts the firsl channel's 
Sgrai. This means that as one chan 
nel's output becomes louder, the outer 
Pec Dimes softer and vice versa, n such 
a way thal me total Output is conslaat; 
so the volume is. uraflectL'd but 


punning IS ,-ir-hjgyjifj Thg g^iin of thf> 
various circuits is arranged so that 
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when IC?flb is at acound unity gam 
H I t>0u A into pin | * I i ht; Output of the 
i wo channels ii equal: r,e 3 v oeak 10 
peak with one VCO on. rtG f il tflr'ififi and 
RV-35 at maximum With toll modula 
lion, thepofofo, each ouLput swings 
between zero and twee ?h is. figure. 

IC29A combines hail al each at I he 
siereo ouipuc& to give a mono signait oi 
Ihe Sn>me amphlude, which isalfsctod 
by modulation but riot by panning 

While the Spectrum's output is 
normally in ilie region ol 3V pfe pk, IV 
rms. factors suc h a & mod vlalipn, respn- 
mee oriihe filter etc cart increase this 
10 a maximum or pk-r,k It required, 
me output may ho attenuated by 
inserting rca i-ters in series with the 
ctoebwnw laes of RVA^a and b Thu; 
outpui may be Ted into jr y impecanoe 
icree’er man 25k; below About 10 k. lois 
of bass nay became apparent. 


Envelope Generators 

Once again, Curbs Eleclfnmusic 
come Ip ’he rescue and each envelope 
generator if, built wilh .1 CE51 33 Id 
Bolh qjrcuns uio Hdenlical m most 
respects, ertcep: that iC3^ has an 
inverter on its oulpul to provide EG* 
jnd EG- Signals, plus ihe CircuUry I or 
achieving key repeal 

R309 and 31L r C&9 and 61 wl the 
speed range oi each genera lor and 
nave been chosen to facilitate selling 
very Iasi attack times whilst allowing 
slow rtecay and release, These com- 

f.K.-'nr' iip, .ill-- • i .ill three lubo’j cquii 
.Li e ' I il r|i^;!rfL:l R 3 fl 9 ;irxr 3 ! 1 miy hn 

increased to 'slow down' the envelope 
times. 

Sustain level is cOntrolEud LryfiV4S 
a i id RV53-. it is important ihei the 
Sustain eonltol voltage at p<ri 9 Ol each 
1C should not exceed the peak level 
afla inert during the allart phase: since 
Ibis level is available on pm 3, the 
sustain pots are simply run from EFus 
voiiase. if ememai nioduairon cd sus- 

1.3111 level v.ji ruLiuiied, d muie 

elaborate level semi ng cvc u> i won in be 
necessary fas described m (hi Curtis 
data sheei>. 

4 if. (he gate input, and the 
trigger agnal for pin 5 on each 1C is 
derived by C$7. In addition. IC33aand 
"Rib die brought into play on the 
‘repeat’ and key repeat' tunc liurcs. 


lC33a detects when Ihe envelope Put 
pui has. reached the sustain level (li- 
the attack ?nd decay phases 9 re 
finished) and TRL5 briefly pulls Hid 
Erigge r inputs high to restart both 
envelopes. 

IC27b dirtOC ts Ihe SignaE at pm 16 of 
IC32, and lights D-3& to indicate when 
1 h i > 1C is in its attack phase 

Construction 

The Spectrum Synrhes*ser is ncu a 
beginner's p'ujeot. n needs C-aretu 
assembly anc alignment ii it is to work 
reh ably and accurately Before Starting 
(ben. read through the IM_ make 
sure you have some understanding pi 
how tne circuits function mi case a fault 
develops; make sure you have the 

ueceisury tosli and assembly skills 
and (iiiolly. m&ke Sure you have tew car 
burrow) tht requisite setting up 
instruments. 


All Ihe Spectrum's circuits can be 
bui It on I heir own for use in oi her 1 vol I 
octave synthesiser systems, and m 
many -. aces, ihe Speclrum may be 
expanded hy adding mare controls, or 
by building more cirttJtt Mud TiCdtion 
and expansion details itould double the 
Size d the prqect. however, and SO will’ 
not be dealt with here 

Components 

1 1 goes without saying that lor 
maximum reliability, only good quality 
components should be used m Ehe 
Spectrum; Ihe mare pjlf there are m a 
project, IhO highur th$ prBhubi! ity fhiVI 

one will be taully In some rases, a 
particular componenc is necessary to 
(insui c correct opera Lion of a Cimuil . u« 
tr> combai cinir which would make 
constant re-alignmsnt necessary. 

In general , none ol the (Cs should be 
tubsE- luted, especially where FET or 
M0S”ET mput op amps are spec died 
Where 741 or 1453 types are used, 
however things are less critical and any 
IniemaIFy compensated op-amp wnh 
similar (or better j specs may be used 
Transistors and diodes are agam mosiiy 

rwin ,Crilir ;iJ. Inn^ fhi> IranSiflors 
have reasanabEt gain and tow leakage, 
any type capable ol wilh standing al 
least 30 vons Should oe suilaole The 
FETs used In ihe sample and heto and 
sync circuits should be selected wilh 


care, however, leakage is the most 
important pariiiiieier here 

Nearly ell Ihe rwneleLtrolylic 
capacitors are speed ied as pdycar- 
honaie (or. Oh the VCO&. monolithii: 

Cur.imiO I : i rLuHdny ol SpUCt? uilrv.'ii 

tivn specliication Tiie most cuticat 
ureas here a re ljCl 1 and- C i3 on llmr 
keyboard controller, which must be low 
k'Jkage; M the open-ended type 03 poly 
ca r oana!? capacitor i s used, rt is a good 
idea 1o coat lliem wrth proper insulating 
vanish prior la assembly 2) The 
stability of CE1 and C 34 will aliectlhe 
tun ngslahilily of Ihe whole instrument, 
the Itv. poly&lyrene type& specified 
Should he used. 3) C43> C44, C45 and 
C 46 in the i liter should he leasonai iy 
wo I matched, but the Ordinary 5' p^ly 

Elyren? compontnu siiltslactory 

here: do ncr use ceramics 

Sockets are specked for all Its 
whereas these me ortcompyrsoiy^hey 


.lie sfrongljf advised to simpkly ruulf 
hoeing fanC So reduce the I4.tililiood ol 
I .mil finding becom ng necessary!) 

Vletal Spi na resislprs are sz- i ihed n - 
several places Ibecause oi then beitar 
slabilily and lempuratu re COeffiCrenl; 
IheM mred not he l r . tolerance but 
usually are. Cermet prese-ls are speci 
tied in some pusilPdnt- tor the same 

reiifXins. Anri Ihr*- mrr-.l r iiln .il arlju'.l 

moors use multi -lurn compoiwnls 
Same of Ihe carbon litm cekistOr^ rwe 
lisled as . W typos, bul only because 
me lartge Ol values IS grtalei. 1 1 iKVi-iJ 
able m the odil (E24) values 1 iW types 
may be used throughout 

iC L ] on tfw E.FO Osardl tCATl 4fi) \<, 
only availaKe in Ihe melal canpackii^e 
ISiilhx T)lfpm many suppliers, me ltd 
ina Maphn The OH piasiie version 
i-Suirix E i ;s pintoral.il' if you can i$el n 
■smee u allows me use oi a socket 

General Assembly 

Notes 

All the Spectrum's circuilry is built 
on printed circuit boards, assembly or 
which shoJd follow Ihe uevnud pto 
cedu res It n best Ea slu it wi Lh 1 he snvi II 
component! such as wire links And 
resistors, ard work up ta 1 he larger onct 
lo a . :>i0 1 lie board becom uyg ipp 'lumpy - 
and difNCuH to work OH m the earty 
stager, of cortsiruchcn Semiconduz 
tors should be lelt till last, with tCs being 
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feCUIT 14 tid?4ajld PCIfl ■cjntului.rif hull piAr 

plugged in Ids! al all; always ehe^k ihe 
□rientalmn n-1 all : i in? polarised com 
pgnents at leasl Ivnijn before applying 
pOwi-i Dk>dl?S, IrijniiiLorS, iCi and 
electnolvtic capacitors musl oil bp the- 
right way round 

When filling com poneii I k with th*>r 
values printed on them, t\ helps sub 
sequent checking if the component s 

NiM-rLeit 40 lli.il the priri!in£ii ijri lu-jj. yr 

at ie.nsi easily viewabre 

Take carls when there- are 1 . resis- 
tors on .'i hoard wifh rne same value as 
nfdinpirv resistors: *ort out Ihp clnse 
tolerance components and lit I hen 
hrst, lo awod errors. Qlherwise, you 
oLiy lino you've used op an your J H i. 
resistor's in non critical locutions' 

Keyboard 

Construction 

Use- me printed circuit boaid as a 
lern p lale to mark 1 he taxing holes on the 
undessicle or the keyboard chassis 
M.eh ihem such that the edge oi H e 
beard lioldmg Ihe bars will be ubouL 
5mm nom the plurtfiers and men <jr ii 
lor cBA L'learjiico Fit ihe 4S divider 
resistors on Ihe component side of Ihe 
LOkUd along wilh the I? veropms and 
s'JUlm iri pI-jlp. CliI Hie pdUddium bars 
to length and I it Ihem 1o l he irac k side 
using small loops ol wire passed over 
the bar. through Ihe mounting holes, 

nref twisted on lhe rnmpnnenl side 

Make sure each bar is wen scaled 
before solder injj. a! each loop positicn 
on both sides. 

T-k* gale bar should I ir* llal ij«i li e 
PCB whilst I Ml 1 S. h bar should be 
spaced away from Ihe surface si ighlly 
by wrapping |fif modniiog wire round 
the par before soldering. This, gives one 

wne digmeler under the- bar, and 

ensures more reliable corlaet. 

Cut each, pi unger to length, leaving 
the naaresl slot to lire key end tor M e 
contact Tin 5mm ol boin ends oi the 
contact springs and lit each are by 
pass ng llie him end 111 rough the 
detached plunger and soldering it In Mi- 
le 


pod on the PC6. If y*uVt marked ini? 
PCE mounling holes carr&ctry men lor 
proper operabon Ihe endol The Spring 
should be about 5mnilrom the tar edge 
ol Ike pad The posil Ionia g of the PCE 
and me Springs on the PCE) is not 
critical as loiip as when Ihe PCB is 
mounted and Ihe plungers dipped on 
the springs are under slight tension to 
l-i lsure pusi I ive cgnLai-t ru oui tithe PCB 

to ihe chases u-sma 66A pons, r 
spacers and nuts. and washe-rs to 
Separate Ihem furtlier. The Keys oppo 
ula-lhe mn^n | na positions will have to 
be temporarily rEmaved ta fit the bolts, 
and this should be done before drilling 
if a hand-held dnii is used, toavtud the 
possibility of damage to the keys Agam. 
the spacing is not critical so long as all 
the contacts normally clear both bans 
and make contact with bcLh when their 
keys are depressed. A -■" spacer ond 
one r»u t loured to be about nghl. 
though washers Coufd be used ,1 a high 
or low action to Ihe keys is preferred 
Connect the two halves oi the beard 
together using short wire links across 
the Veippin pairs. Tins completes Ihe 
keyboard construction 

fne assem&ty Can be lested on Us 
uwn by connecting a multimeter sel on 
the low rosistiince- range across p«ns L 
jnd 3. Depressing the bottom key 
should give rero resi Glance, and the top 
ireyaboutS Ak Check thai all the other 
keys give intermediate readings and 
repeal for the order bar wirii me meiei 
across pins 1 and 4 

Pane! Wiring 

future 25 idenlilies ihe panet 
mounted controls and then c-onnec- 
tions, viewed Irom behind Table l gr.es 
the ppm: to-pomt wiring details, h.-mv. 
noli on the centrals nre os shown in 

Figure •?!■•■ whii ^connectionstu thePCb 
pint are numbered on thtr upprupnale 
board drawings The prototype used 
Min con conneclors on rhe PCB pins cn 
ease ol removal □( the urcuil boards, 
bul ordinary Veropins are cheaoer and 
mare rugged 


There is liuMo o led oiwirrngbolwcrwi 
the front panel compongnls winch does 
not go to any boaid , and 1 1 i s^ good idea 
to do this lirsl sn that wires uro not 
melted by trying to rtet a soldering non 
in Id Ihe middle ol u massed 'spaghd'd'. 
When wiring to the boards, groitps of 
wires often gn together Ic one switcl - or 
pot and ii keeps things neat if these 
groups are wired ustrrg r bbcrfi cable. 

Tp keep rnlerecHcn low, i t IE best not 

10 try lo ma ire all the wires into one 
giganhc cable-form, but lo keep the 
wiraig for each fronf pnnpl tm*' 
separale From its neighbours Remeni 
tier to use screened cable where I Ins is 
called foi 

The poorer supply leads shpuin mi 
be chained' tr-.>m one board lo l Me pcaL; 
instead, each board must have its own 
separaie leacs for »]5v, L5v and 
grojnd ail going back Lo the lag strip 
mounted near Ihe PSU, Do not connacl 
Ihe fag srrip to The power supply board 
itself just yel as this will lacililsle 
checking the circuitry a ifd wiiinc up 

Setting Up 

The power supply should be set up 
hrsf. none ot ihg other circuits will viork 
without it. of course, and various 
vuiUngt/bure derived from ttre * and - L5 
vott rails. Adiusl Ihe OLtpul voltages 
wrlniiuL Hie rest of Ihe circuitry con 
nected to beam with. fiv3 sets the* l5v 
i5u1pvi.it bV? rhi 1 - | [>V iFs? rfre mrisi 
srccurale voltmeter you can get hold of; 
a d guai muiiimeler would be best, and 
in i oscilloscope i*> likely tb be more 
accurate than a cheap mechanical 
meter. On the prototype, the enure 
synlhesiser consumed around LI 5mA 

011 ihe ♦ f 5V line- and IMrnA on His 
■ L^v nne Ii have h dual b^nch 
pCnvur supply, you may hk-- to Check the 
corsumptron o4 the resl ol the synlhe- 
sisea beiore conneclmfl n to the PSu, H 
not the Spec [rum's supgiy has current 
lirn Ling lo protect 1 1 Irani faults, but it as 
si ii i worl i twh ile tu jris->ri j cur i eni meter 
m each supply Ii no in lum t& Check for 
excessive current dram Once you are 
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/■ur^ I here nothing drastically wrong 
jP- 4‘ power supply con bo- connected up 

to the rest Of the circuitry. Conner, t the 
Output soccet(st 1o oil empl tier, and 
you shout d he a hie to per suade the syn 
fhesiser tc-make SOmC &pr1 pi .i ncu&e, 
although it wiJl pro&gjjFyfie horribly out 
of lune Aller allowing everything to 
warm up lor as long as possible — I 
hour ssy — the rest of the circuits- cun 
he set up in Lhe fallmarng order. 

Keyboard Contra f I er 

Sel tfh? lUME control to midpoint 
.ind 1 he GLIDE control to^ro Monitor 
the key CV output horn the VCG ( p*n 99) 
with the most accurate voll meter at 
your Ji^puinii if the Sueurum it tu t?sr 
used wiUh other equipment already 
calibrated at 1 volt per octave, a diktat 
meter will be essential here, otherwise, 
1 1 Ms riitcisu'eriwrkt is loss critical 

Press m ddte C on the keyboard The- 
key c.v should be roighlyO volts, make 

0 note oi vvi.n ■[ actually js. Wow prsss. 

lire next C up 1 1 orai middle C, which 

should produce .i Ny Cv i volt above 
H'hjic lor middle C IF r ismme than this, 

1 urn RV3 clockwise and vice 'versa. The 
jnidd fe C key CV w N now haw c hanged, 
sd repeat this procedure as many Limes 
as necessary to obtain the correct 1 voll 
per octave change 




SPECTRUM 5YhTHESI5EPr + 
P5t( BO Gitrh3D 


f ifLUHT Id PSU Kfc 
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fmm iO Ktjhc-i'd 1 -'^ 1 1 '.-i PCi! 

VCO Octaves 

Tiie VCOs are (Fie he-Oirt or {He syn 
the&iser ana time and Irsuble Id ken in 
seth ng them u j j caref u llywi II be d»rec Uy 
reflected m Ehet na I performance ol IHe 
mstfumenl Some way of monitprinE 
the osCiildLOrS' h-egufncy iind com pal- 
ing n wiili a rerciem r' wit lit* necessary 
The ideal solution is a digital Ireqjeocy 
meler, which Combiner moniltx and 
reference >n one. AJttr-njdivaly, the 
relsreFice can be a ■SujiOl generator, 
which ciust be stable; or a known «n* 
iLJiie iYiLiiiC.il instfuftient, preferably a 
dimder :yp*» organ since il can sustain 
lOtlfl I lively arid {he octaves will be 
guaranteed perfect. Monitor trig can be 
performed simiily by listening '0 the 
synthesiser and reierenee together, or 
bv feeding both inlo a dual beam 
asc illoscope; if Ihb 'scope i& Irigga/ed 
bli one input, Hie other liace will not be 
slable unlil the LwO Irequencies are a 
simple multiple ol each Other Using 
'spiky' vJAvelGfms make-- ii pasir , r1ose+ a 
whan the two are in tune and not at 
some i ill r , rv. i ! a pa it If you have a si ng|e 
beam icope. Hut with an external X 
input, men Lissajnus Inures could be 
used inilead. 
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Constructors with except lUfiii I hear 
ing rnjy n ke to set op I lie PC lives by ear : 
but te warned, the Spectrum has d 
range 0> nme octaves, and a small 
1 uni ng error can add up to a big aue over 
Ihe whole span tyl the instruiTiunl. 

Whichever method you ar? using, 
sm cpntrollei, modulation, sync ond 
VCO? to 'or. set RVS5 and flVSS fully 
loc km ie. and me on tier pi esets. lo i heir 
mid position n you ane listening to the 
synthesisers output men set ihe inter 
to ■UR" mode and ils frequency ai 
maximum; switch ttr-j gale mode lo 
'hold' and the envelope shap^i sustain 
to maximum. Tf mcnilorihg with J 
'scope or frequency c punier, a good 
square wave can be obtained Irorrt the 
junction of R19Q and RL97 on the VCO 
board; sel VCD1 pulse wrrilli lo 5f> 
bio matter hpw >ou mentor Use 
Sp^Ctnim'^ Frequency, do nod r . -| . on 
rue keyboard controller to keep a note 
you have pressed stable OvtV several 
mi males, keep 'topping up' (he sample 
and! nold hy occasionally rO pressing 
i ho key you are tuning, or leakage witl 
eventually injke She node go sharp. 

Ntiw go e j the parajiaph relevant to 
Hie equipment you have available. 


1 } With a SiEOueriC-y CO untiyr 

$*et VCCfJ 's range lo S', and sound 
(lie lust A up llie keyboard: note ilS 
Irecuency. which wiri ewnluaily be 
22CH z \ don l worry *1 il isn't. 

Press the second A up. and i!s 
Irecuency should be an octave above 
Ihe fust; i.e e/atily twice that cd the 
liisl. 

\ it is Hat, i. u. lowc r i han it should ba. 

1 u rn RV23 am ictockvase and wee versa 

New go bac k to 1 lit hoi tom A, whic h 
will also Have chanjnsd. and repeal the 
process as many ti mes as, is necessA'y 
to obtain un ejWCl doubling 1 >F Erf 
puerjey when going from the Hr si A IP 
thy second. 

The upper Irycjuenty range needs to 
be set separably; Ml VCO] s range to 

2 And once again play Iwo notes an 
□clave apart Tins time, leave RV23 
sir i <l v alone anri «Sjuit RV^-S lo give a 
doubling m frequmey The VCO will 
always he flat, s*> Lurn RVS&a-MliCH?ci', 
wise to ctrnect |his; this adjuslm^ht is 
not cril cal as the basic low In?-- 
quenCy one 






220H’ q press the first A up the key- 
board ™fh VfitM set tn Ihe S' range, and 
lufie the signal generatoi to me syn- 
thesiser 

Wiihc-ul alien ng the signal genera- 
tor, play the second A. an oeiuv^oLove 
(he first. Now (jm Ihe keyboard TUNE 
coni ro) to obla-n either a stable ascii- 
ilnscope display, or no 'beating 1 helween 
Ihe Iwo sound sources flaw return the 
TUNE control t& mid (Mint, arid adjust 
RV23 lb syve the same aitoel; you wnl 
need to mm rvzj i he opposite way For 
example, ir Ihe second A was rial, you 
would haw had to turn 7 LIVE clock- 
wisp, and RV23 should he turned 
anticlockwise. 

Now go hack tolnehrsl A. netunethe 
signal generaior. ond repeat the pro- 
cess until no adiuitmeni or ttw? TLHNE 
conirol r& necessary when playing ihe 
second A 

Finally, repeal the whcte procedure 
but with .‘CO 3 set an Ihe 2 range; leave 
RV23 a lane. and trim RV55 to give 


co-o'er.E oc :a ves -at tn-e higher frequency, 
Since the VCQ will elwey* be fist, the 
TUNE control can be lefl and fi'/fib 
turned anticlockwise 


VC02 

No references are req inred lor the 
rest of -he tuning up; VCO£ i& besl 
adjuster! wiih reference 1e VftOl io 
ensure Ihe two oscdlators track exiClly 
Lislea lo VCOl and vCOZ logether, 
both Or Ihe B' range and wi th VC02's 
TLJNE comr-ol centra! Press any rate 
low Or Hie keyboard, and tune Ihe VC Us 
Logelher wilh RVIfi N<jw press a high 
note a nd, by swi Lc hi ng VCOl and VC02 
off ai lerrvj teiy. determine whether 
VCO£ is sharp Or Mat in relahon to VCO ] 

1 1 1 L is liar, lorn RV24 antic Ipckwise and 
vice versa. 

Repeat Ilia above paragraph until 
oscillators slay in tune over the 
whole span of Ihe key boa rd, but without 
changing ranges at this pcml 

Npw switch bC'ih VCOsiO 2 ' rar.]$t*. 


2) With an organ or other reference 
initnimtnL 

Sel VCO L 's range to 3' and soon-, me 
lesl A uo from the bottom at Ihe key 
hoard find Ihe Mine Aqn ihe reference 
in&lryment. arid tune the synthesiser to 
■t with RV17 

Ray Ihe A on octave up On both 
instruments, and determine whether 
the VCC is sharp or Hat. Turn PV23 
clockwise if 1 is sharp and vice versa 

The bottom A a-iI I now be out c-l tune 
sgai n , sc- repeat thi s procedu re u nti the 
two instruments tava the same oc lave 
interval 

Ni.w VCCl 's. rung-. 1 - Ip 2' arid 
repeat. This time, leave RV23 slnclty 
al ne and adjust RVb5. The VCO will 
always be flat, and RV55 should be 
turned anticlockwise; this is purely a 
trimming adjustment, and is no: as 
C' ill cal 35 RV23, 


3) WHi t signal generaior. 

Set lie Signal generator to oramd 
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ard repeat the procedure tuning RV5G 
VC02 will always be Hat to begin wnh r 

and $*1 will neeri to be turned 

anticlockwise 

VCO Range Switches 

Set bolh VCDs lathe W range play 
a lMj;h note. arsis tune tie wci listers 
logetheruS 1 ne RV 1 7 or ] g. S^nch VCD I 
to 33 and adjust RVE? Tor minimum 
heating; (hen switch VCQ2 to 32' and 
tune tha VCDs- together again wilts 
RV?0 Switch VCOl to 16' and adjust 
RVl 2, 1 1sep swittn VCO? t3 1 6 and belli 
OSCillalOfS Should Irt turie; ,| rt0 |j trim 
RY20 mfiry shghlly. Saitoh VCOl to S' 
ana adjust HV3 J . adrUil KV1U with 
v'COJ w 4' and vCD2 on S', and f rally 
SwilCh VCOl to 2' and VC02 Co 4 and 
adjust RV9 

Tlx? oscillators should now remain 
in tun? with each oilier eve* the whole 
ranee Ol the Keyboard and range 
switches: in prince, slight anomalies 
in the control characteristics will pre- 
vent perfection being achieved but 
onfy the slighter touch cl VCD2 TijNE 
should De necessary tc correct any 
mi El racking 

VCOs — Final 
Adjustments 

Once the oscillators are tracking 
satisfactorily, sel VCD? lUNE and the 
keyboard TllNt to rrnd position, and 
I Line tint second Jt uu (he keyboaid in 
middle A. or 4 40H z Rv 1 7 lunes VCO ] . 
a nd RV I & tunes VC02. If the Spec trum 
is to be used with another instrument 
which cannot bclumed, you may prefer 
to tune up to lltat instead 

RV2r may be used loset the width of 
VC02s oulse output, Or Simply te?l 
rrl i(.Clv jy 

RV25 should be set to^ive3.SSvolls 
on '(s wiper, and RV3Q to give ] .6 volts 
on ils wiper 

The final VCO adjustment is to 


centre the horizontal joystick move- 
ment Loosen Rvl3's ctamp screw 

shown in Figjre 25- Set contr-oUgr 

f U MCI 10 N lb VCO 1 , and DEPTH to 10, 
whertBupGn VCO 1 will probably go wil d ly 
out attune Held the joystick lever and 
HVli'i fruit Id b central, and rolufe the 
body oF RY13 to bong VCOl bach Into 
tune; Ihen do up the clamp screw Once 
the joystick n mounted, end dicer 
transport mg the synthesiser, adiu&t the 
trim fab so if at wher the controller 
DEPTH centre I is related back ai d 
I orth, no perceptible pitch change 
takes place. 

LFO 

RV£ is the only adiuSlment on Ihe 
LFO. Set oscil Later modulation as fol- 
lows SOURCE lu LFO MAN, DEPTH 10 
]<J ard FUNCTICH la VCO 1+2. 
Modulation of the VCDs will row be 
apparenl; with Ihe jnyMTc.k lever and 
RV7's trim tab eent'al adjust RVBunlil 
i here i& no modulation breakthrough 

Noise and RM VGA 

Sw'lch off botfi VCOs and turn up 
ihe FICISE AND ftIM LEVEL Select 
square wave output fnjm the LFO. and 
lurn noise & ftM moffuliiion SOURCE to 
+ LFO Turn RV3G fully anlidockw se, so 
thot no«se comes through loudly whilst 
the LFO LED is pit, and quietly when it =s 
on; a lairly so* LFO rale is ga viable 
Now ium RV3S clockwise until ihe 
noise s |ust cut Qli during (he LED on 
periods, if any clicking or thumping is 
apparent as He LFO switches, adjust 
RV33 Jo gel nd tri it 

Now Lurn lie SOURCE swlch to 
^EG, turn the envelope generator 
SUSTAIN to zero, and turn Rv34 fully 
anticlockwise Some rwi se will now be 
hoard on the Spectrum's output; Eure 
liV34 clockwise unhl il iu5t disappears. 

lorn down the noise LLVCL find return 
SUSTAIN lo 10 


Filter 

RV37 adjusts Ihe T.|ter"s volts per 
pclava characteristic which is nol 
nearly as critical (or difficult: as ihe 

adjust mem d Ihe vCDs. and may be 

done mosl Simply by ear Set the filter 
controls Os fellows RESPONSE to BP. 
FREQUENCY about midway. KEY • 
BOARD FOLLOW to ID RESONANCE lo 
10 and DEPTH lo Q. Thu Tilter shculd 
oscillate With a pure ten? which can be 
played tram the keyboard; to ovoid 
confusiPa make sure bath vcos and 
the (reuse i RM arc otf. Set RV37 
midway, and play a scale on the 
keyboard; #.a C major, af| the white 
notes between one C a rid the ness! . 1 1 Ihe 
scale sounds 'compressed' — as it it 
Should go on longer lo ^ach the proper 
note — turn iJ clockwise, and vice 
we-rsa 

Altering RV37 will ulsO elur Ihe 
tunins cl the whole scale, but carry on 
piuyiag and. adjusting until the tiCdle 
'sounds right'; tike the dob, re, mi . . etc 
you learnl m school 

Finally turn Ihe resonance down 
ready fgr the imal selling up 

VGA and Pan 

With the synthesiser sltll set to give 
no scund. turn ihe GATE MODE swiich 
to UFO. sel Ihe envelope shape* 
SUSTAIN [0 10 and ATTACK and 
RELEASE 10 O Turn up the LEVEL 
control , a nd there wi be a 'thu np' each 
time the LFO swi 1c hes (along witti some 
background noise). Adiust RVJI fQ 
rnminruse this thump. 

Now switch the GA”E MODE back to 
HQL& and select e-iteer LFO MOD on 
the OUTPUT FUNCTION selector. Ihe 
LFO should still be giving & square 
wave Turn up 1 hy DEPTH control, and 
the thurrpmg will return, but Sharper 
[his lime — more ol a clicking sound. 
Adjust ftv4.S lo ge[ rid of this as lar as 
possible II necessary, keep lurnirg up 
(tie amplifier's volume as these adjust- 
rttenls progress io keep the clicking 
tHAhbte 

Turn DEPTH back to minimum, 
select any 'pan' pcnibOn On Ihe FUNC 
TllDNi swildi and monitor ine stereo 
CKitpUs wilh a duel beam 'scope Or wei I 
balanced amplifier a'xd headphones. 
Turn on One of Che VCOs, rand adiust 
ip give ecjual oetputs fruni each 
channel, 

Finally, adtusl RvSO to E 1 ^ -0.24 
volts on pin ia6 — or ifciu clockwise tae 
01 any ATFACK. DECAY or RELEASE ptrt 
— with respeci to DV 

This cumpleLes Ite construcliun ol the 
Spectrum SyrlhuSisur Read 'Electron- 
cs i Music Maker majtazine tor 
articles on plavmg technique and 
details oF a democisiraLioo cassette. 
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1 
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RV-1'Hw 
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VEQ/SO 

Spy] 


M 

FWfl/C- 
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57/3 


15 
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VD0.-6P 
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Ccnlidler/ 1 & 
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VCO. 

54 ft, 


ErrwHapc J 4 1 

Rift?.-* 


VL l ) 76 

FiuC u-sed 


ilWMVt/142 

miA/rn 


VOO/76 

t£,fi 


Enraclapc,’ 143 

fvBl.'w 


VCQ.'J? 

*/& 


Env0lW0,"144 

FWS3, cat 


vtfl/JS 

B6--J 


EOwOUOC'HS 

SV4.“.--yu 


vco/T* 

K.-7 


EnwEiipc.-' J46 

RV47,> 


VCO /BO 

KV 1 41/tcw 


Envcbpc-.-' 147 

?V49 w 


WO/SI 

&!J 1 4 -rM 

Hunk i\ JK5/I 

Fmriilruii.- 14ft 

W4F./W 


VCO-9? 

hVl 3/* !i 


Envelope.'] £9 

Wi'vt/ 


vco.-si 

FvSb/c* 

tmK toHVSBr'ctw 

E nsubiki." 1 50 

£ , 5a ‘ jA 


vCCi -14 

KVJb « 


Emuljpp; I !i : 

JlSb/C 


VCO.B& 

FV?G ■:. .* 


£hetk#e.']5? 

BfSb- 10.11 


VCO- i£ 

JtM/l 


ErweljUJi/lH 

D38/K 


VTC&i? 

Sabs 

Link ra LQ 

Ch^cIhc,' 15-1 

St3,-4 


VCO-ift 

■sat-j 


tnvrlDDC/155 

StJ/5 


VC 0/49 

fv.ll U r J.-d 


1 nwl^se/356 

RV4E..4 7 h' j 5 L 52 54. c«r 


VCO. WV 

me,.- 1 1 

Lip* 1 j SSb/9 

Envel?in‘, 157 

nv4&.47,4.S.44 5 1,62,62,54 rns.. DJb 

VICO '71 

S8i/5 

Lurie In ia.i. .I 

CmiCl&C> 156 

FV4?,'ce» 


VCO. 92 

SB,'!'] 

L.rvk la SH.s/a i J 

Envelope, 1 ’ 159 

FV42/CW 


VC&>4 

•Bfl 'JHfd 


Cueeijfie, 100 

>UK -Hnp 2sl 


VCO 

flV2S/cjow 

Sciron 

Ernie l:pe/ It L 

F.in ilrip 2/? 


MC0..-9!, 

flv: H/* 

CpndLKhM ’ 

£ nsa-kt*’.- IdJ 

:,;,: il-.p 2 2 


VCO ■Hi 

1^4 used 


I nwkfif/ l^i 

SL44.VY£k-| 


VCO- 97 

W5/w 


EmrdlK#.' 1 364 

5146/Wip*r 


VCO--93 

R*4fl. ew 

Link la JH?/] 

Cneel^M.'- 165 

5L4b'6l, 

l.R* to RV45 j 

VCtvLOO 

Bbl DMd 




b/ecw 

VCO/LOl 

1 M." Sif'-ll ?- f l 


Enwlope, 1B6 

SI 4t,,6ti 


VCO. L02 



Enei-kpe- L67 

S14V. Jb2u.SiL.4U 


VCO, LD.l 

I ME M 


E rki-k**..' 

JH 10. 1 

CerntfuCMV * 

VL.D.IM 

RVI67(.eiA- 


Shirt'S IVW srMU 

JKID7.2 " 

■Screen 

VMmOi 

7 l(i •SIT'D ?■'? 


Enwiffsw L69 

JKII/L 

Loue-Mru ■ 

Filler LOB 

Mil LUtfid 


EdWlop*/ 1? 1 

JK 1 E .- 2 

Screen 

Filler ■' 109 

RVJI.-sIp 


FnrflN»7lW 

7^/3 r - 

tarmucLpr * 

Filter, : iM 

FWJlr'CtP 


&i'eert h*f used 

jttg/2 r 

Screen 

F.lli-I EJL 

Rv3 1 


E neelatJe,' L72 

PV4Evj - 


F.lr<'i . LIT 

FV-L-’.-Ci, 


Fnwtpe/173 

[iy45ti-'vi 


Film. 1 l.v 

RVJLf/Ctn 


Ener-iope,' 1 7-4 

SI 4.; Jr .ir.5r -t.r 


F.lr*i !l-i 

HV37,vk 


Enwbpe- L75 

LV45J1. tw 


Filler 315 

SlEa.'A 


Inuelspe/LTd 

Fv4£s> c* 


Filler. L 16 

51 Iti.-C 


ErteeJac*., L S"? 

JK(F/1 


Filh^-]I7 

5J Lj, -5 


tmOtfm/HTi 

FV-L/'Vi 


Filhr-i. ] i£i 

SI Lj 1 ,;-.3 





Filial, ‘119 

Fn?/] 


JKI S null -'J 

Tjf 5-lrip 1 


Hwr.'lJfl 

SB A Sift *, 

Ccnduclo' ’ 

S591 

SI l4J-*'7. 513-.1 



f."l li-.'tl 

5ti(e> 

S5/J 

SILb S SJJ,?. £]Jp- Iu.Jh* 


Ffler/UI 

E"V#V»/]7B 


55/J 

SIIh,'S, SJ3/2L £34jr2a,4a 


fBEcr- 12? 

£L2-a- A 

Lrtih to Slilp/B/s 

SV16-CW 

r, n F-i RV!V*£,w BVlJ.-'J 


Filter, ] 24 

£L?e/L 


RVIS-iccw 

FV5 .;■«. EV^.i frv KV IJ 1 

■* S ? f 

i iter 1 2*1 

SLitl'fc 


RV14.*w 

*1 ■■■*■ 


filler ]26 

SI2c/C 


RVJS-'o- 

S5/A 


fflivt. IS 

SL3C/9 

Lrfft »5ljM/10.1 E 

RV 3 5. nr 

S7 it\ 


FdCr.127 

SL&/4 


l?V?i ™ 

FSa . A 


FfflcrlM 

rsiy u hhI 


cam 

ifi KUKO 01 5V A S30^w trr V 


fail IM 

£L?e ?M 


RVjT'.'co 

«V40. LLW. RvJB.cc-* R¥2i ecse 


Finer.'] 30 

5LM71f 



MVJ6.-CLn- 


Filer. 121 

PVJ^.-n 


5LJM-4 

SI2H - D. SJ L * 4.6, 51 ] |i Hi 


F.no-r |J? 

Brtfl/w 


HV2 3.£C* 

52j 5. S5/t, £13 6 


fhut. \;j 

RV39.-* 


flVje-tv- 

SLJ^ 


r.ncr I2i 

56- 1 


JHEF'? 

J'. 10. 2, JKM 2 


FiHm/1 25 

FV36/lt 


JK9-I 

SI 4. If A 

Certuclpr 4 

Finer J2G 

BVJ/i-'lw 

Le* ts PV]9.‘uie. 

JK9,2 

Scieen no4 Liied 

St litim 



SI 5.1- lj,5a 

JKI 01 

Si 4e ■ Wifn ■ 

CcmdirtUSr ■ 

Filler ’L47 

l.lt itrip ?- 1 


JKI Dl ? 

Sruiknn net yhnl 

St;i«« 

r .lie' i SB 

lift .Ir-Ji 2-2 


S3 £.'4 

SHb/31,56 4 


Tiller L3& 

1-ME "JUJi ?/? 


B1J. f 5 

51 Lb, 12. &5r5 



4 5cruvnmJ: Lcutd 


KEYBOARD PARTS LIST 


ft-iisbcti 

R3-55 

ITJT2% 

441 eel 


MiitelLmeoui 

49 ncte C C 4;ylMtJifl 


UtBt7T> 


CcuiLict iprinju 


sOvOTff 


P.illac ',n tors-. L.?rrTi r 3.JO'i‘*n 
24 corUacl PCB 

S^lcrA 

(GA09r.j 


25 eenrtati f'CB 


[fiAlOO 


'-F;h. 1 ‘ botli 


ifll-OiK^ 


BRA 


lFw35m 


■5BA n^inon 


(fSAFFJ 


6FIA n*ilt 






IH74E] 


POWER SUPPLY UNIT PARTS LIST 


Ffcsiitari -■ 

5S l - i-rv ejrboei i>nk :i ioetirirtl, 



R1.2 


2 dr 

(S£R23 

RJ.4 

Jk2 

2d- 

(T3H2I 

R5,£ 

JMJ 1 • 

fdT 

c*zm 

Rt 

JSJfl 


IMiJCRI- 

RVlJ 

Lh cermet p»eMl 

2*lf 

r*R407> 

CatBCiSDfi 

Cl, 2 

7ftM*.F Ai.nl elect 

2 dr 

(TB90355 

03.4.73 

202 63V PC t tfir 

4 ell 

iFFQKJ 

C5, L 

LOOpF poiytfyrfOS 



5wTi eonduelDiL 



1C L 2 

jA 723 L-i pn OIL 

Eon 

(CjLSlJiJ 

ffll.2 


20H 

i(^gwfl> 

01 1 10 

tH40ftl 

30 V* 

(QL7i3J 





T9 

£407 prim ft 15. & LVsrc. i&VA 


(LW3IW 

31 

PP5T F«k#r 4«ileh win n«n 


IVRJOW) 

F53 

iQrr^nl HMnH qu et Flit* 


(WJTO2Q 


?£ II- II |Ul»l Swwla^'T 


IflMfin 

FS2.3 

20W 1 A Lwif h 61&P Iltk 

2dF 

fiWRCSDI 


20mm chaw!! luizfB rlcr 

2 Lit 

tR.Kd?I>l 


14 pfl DlL IECkie-1 

2 sir 

■SLiaifi 


f«-0 


t-COM&l 


IA 3 c«r m.urvL calk 2m 


(xnoiB) 


111 rrjin«; plLiJ? 


(HLifilfl 


r bc*tv 




63A Y f T iystc’d 


rnwjiQj 


EKArUe 


1 HI 1 U||! 


46A 


(BF03D> 


46A JiMli 


4BFL7I} 


>10A Sfl*jp Eari 


(B328F} 


twbto p«™-*i 


urtllJii 


Wiapim 


(FU4BJ 


KEYBOARD CONTROLLER PARTS LIST 

Sectors — 5* ' cjrtwn i-iVis speeded 


RW 

2*. 


4 M3 341 

H57 

‘kt iWTrim 


1T5K6) 

R5S.59 

■ITCH? I'i likn 

} otl 

047DPJ 

(WO 

two 


(MlhHl 

tt(j85 

■1k7 

Z&r 

1WHK7) 

fit?, 75 

lk0 

fiHf 

1MIK0) 

R« 

470H 


Cjgti70ift 

R6S.74 

IMP 

Zflii 

IIM3W1R] 


10k 

4- Oil 

4MI0K.1 

Rf>t JQ.JJ KJ 

IQQh 

* on 

FWlOOKs 

ftfcfl.G.9 

3k3 

2 Qti 

[M3K31 

Jt7] 

low id:-. 


[MlOMJ 

fr72 

220* 


(Mi2045 

870 

+Jk 


1M4 741. 

RSI 

l3I> 



Jr?7Si 

22k 

7 o« 


RS3 

US 


1MJ.C?) 

W3 

1 *.0 •mjni-lurn tjerHit fii«(d 


lAfMSCj 

FTV4 

2M2 lag pet 



■lj pjr.i.-y'j — . pciYt^bonaLa i nlei* sprciFiM 



05 

fctJnF 


Wh39Nf 

CIO.32.14 

iDOnf 

3 tft 

i.mv4SU) 

C11J3 

iJOrtF 

2 on 

IWVW41&2 

W&.05- 

1 DOuF 29V PC M 

i Ofl 

(FF11F4J 

Em-eondudEai-s- 




PCS, a 

L456C 

l ear 

(QH46A? 

FO 

C*3240£ 


CVFUfili) 

X& 

04093 0 E 



r S4 

jMian 



7M 

KISil 


;0355KJ 

185 

8C232L 



5U 1; L - I.fi LI] J.| LH4 isa 

lunr 

(QLHMJ 

M.-}cd la Hadji- 





a Sim DIL JMktl 

i«ar 

(Bk.3 7T> 


! 4 r*n 0:1 4rr»i^ 


:.rv Sflll) 

JK1,3 

35fl¥T} *k,-S«lHti 

Jptf 

iHFflJOJ 


res 


lCAH=,K) 


^raprni 


irezes:. 

VCO PARTS LIST 



fturdlDfi > «V-' cj/bon ■u’.ievs epee*..*!? 



R77A9 

27k Film 

?OFt 

4T2741 

R3&S7,|i9, 




] 50,17^178 

IMO 11k Him 

6atf 

(T3MP5 

RBH- 

UCfc Itlilm 


(TUFiKt 

J?JO,2Ld 

IDA 

4 nff 

1MIDK» 

ft] 33 

JVO LV 1 Tl 


(T3IKS) 

R]J4.1»J3*-. 




137 

ZM 1W Filin 

4 (.IF 

IT2K4) 

R138 

■III Ifc Filrr 


(Tanfli 

6139 

^6*1 


iML-e.kh 

RJ-1G S 42. 144. 




152 161 3 '/ 4 




JHd.LaX IHcE 



* 

192. L5fc JW 




205-207 

I4KK 

25cfl 

IMIWKJ 

Rial, 

241k 15h 1 . it. 


4T240IS) 

R14ii,lfc.Lfc-7 

J?04. 1 nim 

3oir 

472204J 

RI47,LAa 

51k 1* lilrp 

2 M* 

tT-Jlrtj 

R15] 

[Ov 


41W2W) 

RlbJ.l« 

l«k 1% niTI 

% on 

1THXWJ 

Ri&fia 

i7k IS likn 

2 0« 

«T4 74j 

R16S.I 71 

J^h 1 S Film 

2 OH 

rr^iii 

Ritn.l^ 

1UDR "Siv 

2 off 

^51031 


S] jq.175 

Jim 16 A4m 

■ 2 trir 

(TOW) 

5173 

5«k 


SUW0K1 

SJ 77,175 
*>161,184,225. 

M l -j - - iiim 

7atr 

(T5K« 

527 

47CR 

4 pit 

;wiWj 

£162, 185 

L*8 l6lilm 

?«ir 

1.T1K8) 

£165 

JOCk •-.if 


riMOKl 

J?l&5 

IStt- 


(H ] -HCk) 

RIS9 

1W 


(IWIWO) 

RIM 

6SC4i 


(MfciSO*] 

(191 

I20K 


^3S0«i) 

£J 95,202 

sac*. 

2 CHE 

iM330?t) 

Rl’>t.?^ 

?4£k Vrt 

2olF 

(534*!) 

ai57,24H 

tsctl 

2 ulE 

fi/ ■>!>;;. 

H7DI.S0S 

4 7k 

2 olr 

(M47K) 

6205 

Sfj 


(EJ13K3) 

R232 

6flk 



RJ13.2I4 

J3fk 

2 PIE 

iMJMkC- 

R?35 



(WpKflj 

R3J4J26 

3KI 

?otf 

1MIV07 

R3£8 

LOCR 


[Mt(MR> 

Sv4.30.lt 12,1-5 

3 M2 wrmpl pi.* <-i 

5-olf 

[■k¥ft46l} 

RV 2d 

£0k ICK 1»l 


(F W22T> 

RV1& 

4?k IflK- flOl. 


rfW74Wr 

RV1&J25 

Air* bl JWi 

fgir 

(FVirOTKF 

HV :7.18 

300h (kmc; 

2 off 

•:A'RJ4Kj 

Rv£0,2l.2E 

Wk OOrinOl iOf-^ir 

luff 


RV2L2J 

30k muiEi-turl: ean**l DnfHrt 

Joff 

I5YR45DI 

RV26 

lOOh Ui. >.: 


iF-rVllif> 

Uv?.l 

30Ck -rron. tponj 1 . p-v^cL 


LVrtlt.]R| 

ffVii.tH 

d-l-T k hi pal 

2 alt 

iF’A’CMftl 

RV2&M 

2k2 mm Into pra&el 

2 -trip 

irVRifcU 

IhrtS.Sfl 

?2k mm I'or.: :.n--.-: 

2 all 

■IWFK^Fl 


tpp.*.dd:r — rFiWt*tMd C«rifl|hj rilHf swfiF-'d 


Z8J9.30 J3 

SOOnF 

5 off 

lYYIlhi) 

£22.23 

Inf 

2 dr 

i rivam 

ai.34 

InF E*k potysayrerK- 

3 dr 

(0^050 

Oa.J5.7I.T2 

IQeF 

i o<r 

(wsaj] 

£34 

l.iF pelycart 


(WW&3ri) 

£37 

j7£^F wpim; jn.,1.,. 


(W^eio 

C3S 

IDOpf pol!,"J-p wi.. L 


i.si.2en 

C&5.70 

lO&iFKVPCa^i 

i«ii 

(Ffl)H) 

S*rt&£ endut wet 

(C7,Li,l9 

M5K 

idr 

(4?H4lkki 

IC31 

LfKi or TLCS2 


(W.Q3U) 

IL- 15.3 0 

Ct h i jep 

2 Ijn 


H237 

CO4043BE 


rgw53Ht 

l£]6 

CCK013B6 


H)H07Hl 

"RIB 

6C23 7L 


fOfiAOOl 

’ 61 1. 3 7 

2hMlO 

2dE 

CCR3O40 

ws 

Hod 1 to 


iWUTfF 

058.30 

IKiMB 

faff 

FOLSoyk 

Ut$calltannui 

83-10 

ftcljrjr swilch 2 p.ihr c w-ijr 

a dr 

IFF 7417} 

BV7.13 

JayMick, 100k Im pah. 


I'KBfflHJ 

--R2.4 J.t 

3 bmni jse^ rdscki 1 ! 

4 C41 

(NF820> 


F} pal ntl swil l 

A pH 

1&.37T} 


14 [Hi! C-lL ludM 

2 dr 

(IKlllUF 


34) e.ft PIL HXlen 
PCft 

VlsrotHh* 

2oti 

(tl]8V> 

[tA34F>l 

(FL24-6J 


FILTER BOARD PARTS LIST 


Rfv-ilc'i - 5\- P carbon uiin: sjiecilwri 


RL93.225 

11k 

2 ®H 

rM33K} 

81 94,242257 

LoO 

3di 

(VJ HO) 

£21£,239 

J5i 

7 ijH 

(M3!iK) 

(1217 

38k 


(M3W) 

RjlS 

30k "tW 


(5307!) 

£215 ,223.774.. 




23J,?LaC.?4. 




258.I01.7fti. 




269.270 

100k 

Half 

i M LOOK) 

6220,77- 1 

30* vflur 

2 pH 

isjoei-;:. 

R727 

020k ',,W 


CS620KI. 

6724.2^5246. 


, 


247 

1U9 

4 all 

4U1F40} 

C228 730 296 

At(9 

i df 

LM4 7CIC 

6227 

Jkfl 


[MlKftr 

R226 

W* 


IklWOUt 

R73I- 

220. 


|MZ20|tj 

R73tZi4 

3000 

2 dl 

iWlDOffl 

Ft?3S 

Wk 


|M|tek| 

R736,23gl 

47k 

2e(H 

lIVKTflj 

R237 

22k 


1M22R1 

R24P 

44.7 


1M4K7) 

K2.U.24J 

27H 

i afi 

IMi'TJei 

FI7A4 

5k6 


4M5X6J 


31 


kZfliUSSJ! 

120k 

5 on 


wa% 2 s 1 .se. 




550,387 

91*. v» 

5 m; 

(S91K] 

5554 

32Gk 


iMijam 

re?H 

53* 4W 


(siiif) 

R?5B 

US 


[MIK5j 

R£ 62.263 

5404, 4 V.' 

2oN 

■:UJ4<]K) 

rcv-.arr 

5b 

?.<*t 

tWWK) 

ftf&a 

i£dk 


C«JKiKl 

R271 

ISM 


<H150K) 

RvllJfclMO 

]«* l,n prt 

■1 fir 

(FWO&F) 

RV3? 

S«Jk ksg p*i 


IttOEC) 

RV33 

IKJk rtlirs hdf.; pf«^- 


{WAS-lA} 

FV.14.3S 

!■?,. mill 1 hi 1 1 j 1 pr«rir[ 

r oir 

(WN9ENV 

RV37 

EKlMrrl'-^ >l*«1 



RvJS 

*7* 1 fj rl - pal 


(FW3 , 46> 

C-j 




C3& 

IfiOpf cernn*: 



o*o 

luF Kf^c.irb 


r-ViV53ii| 

Ml 

IMJnF pgl/fjrb 


[WWiHfl 

C42.4J 

1 |H> ] cvow PC *1- 

im i 

Iff&l&l 

M3 At 

iMtef pdyivrtne 

i ms 

iBJtfAFj 

C4a.4-j 

lfluF 35V PC f'. rt 

2<m 

lFr*4Cj 

SL'intcanduelari 




ICM 

i456C 


{fefc4M) 

IC21 ,23,26 

74 LC 

3011 

(qizim 

im 

CAJOWt 


4VHiO!4) 

IC?4 

Lrfffl&rt ruins* 


fwqauj 

ICM 

C : M 1370 



TSU3.11S4 

KiSJi, 

3 Oil 

1QB55K) 

D43.54.3S 

1N43 4S 

3 m; 

iQlilCfi) 

Miicilldrt&ifi 




53 L.l 3 

■ttlA'y ■'fr'IC'l .2 0O« 0 Vrtjf 

£ mr 

([ y V4*| 

51? 

fflcujry f»nci J-egie 3*jy 


£fF7*H|i 

JK7 

3 5rim h*£k 


{HfSSOli 


1 pin QlL r^chLl 


[Btirn 


]H pm Dll -sock*! 


'HQTI&H 


Fte 


(&A57IIH 


Wfiipini 


1FL2MU 


LFO PARTS LIST 


Rttirtrtt - S* VIW carbon u'. .-ii s.pccii«il 


R9I 

27CR 


(W220PJ 

R5?.UK,1C(3 V 

110,323 

33* 

5 off 

IM33I0 

M3.W.1W.I05. 
1*6,1 S&.l 1.7 

m 

7dF 

1M10K? 

R94 

56k 


IMSiliJ 

RVb. 1 IS 

47k 

2 mr 

[F/^7h> 

H30.H30 

IM 

2 mf 

iVLKt? 

W7 

1308 


ilMlIKlRl 

n9S 

4UJ L&.. 


HU4W73 

HlOlJlE.Eft 
32 IJ22 
mci& 

39* 

5 I.fl 

£M39H) 

LkS 


fM L K£) 

flt07 

LOM LO ■ 


EW.10UJ 

flSW 

150* 


lkil50Ki 

R! 12 

I Jk 


i£13m 

81 1 3 

£70*. 


1 k4i?0Kj 

PJM 

TWk 


I'MIMKi 

R] 15 

7i* '?W 


CSKKj 

HH9 

MOk SW 


15*40*1 

R]30 

tie* 


[M1HH0 

R1 ?1 

M* u hW 


(!4 

R1 73.125 

l«lk 

2 041 

IMIOOVj 

R124 

54,1 S6W 


fKKIJ 

RJ 2*5 

2^> 


(M27K1 

P1M 

lav 


(^35*1 

R127 

5«c -iw 


(&30P-J 

R12S 

545 


£W*Kil 

AIM 

?k7 


CM2-KJ) 

ALW 

}OM 


£MISOk] 

AL31 

2?k 


(|W2^I 

A 132 

55k 


iW32Hj 

KV6 

22C* kt pm 


CfVi2£C) 

mm 

■fljfc m.n lipfjj, pCrtt! 


CWnlE^n 

C.'ip.i ’.iloi', pa hit a r borate uniA-i «F 

CIS 3JGnf 



CIS 

23&*F 


(WW45T1 

CL7.1& 

IDi%f 

2flJ* 

iwv2sk;.i 

C19 

DnH 


f^'^27Ej 

C2Q 

lOpnF 


(WfV4tVj 

C67J&5 

IOCvF 25V Ptol«.i 

2 mi 

[Ffliyj 


IS 

LFS1 TLD5I 


(WQMHJ 

IS, 10. L2 

1455 

ami 

(OMtA) 

flit 

CAijflO (W Ll' ? ") 



TfK.,a r 17 

BCZ12L 

3 CO 

ron«ig:i 

IA7 

2HM4& 


emu* 

in9.ll, 15 

HCW7L 



1HI0 

2W53 39 


«ft3Wk 

020 

l ED 


FW157D 

W1 -27,015 

IW4143 

SOU 

^Ctsotj 

MiiccllaD«Hn 

fLE 


I6A54S4) 


VSPDpiris. 


rf L/*HJ 

£2 

Pc.tarv i*ilch 2 po'-r 6 nray 


IFF 74fl} 


ENVELOPE SHAPER BOARD PARTS LIST 


flrtHtOfl — 5* WW r*itKin unltw 


H273 

42* ! 5>P 


£56210 

S274.2S3 

if* 

2 ijll 

(M56KI 

f{275,27a.2ili, 





IMk 

5 dr 

iMlbOKj 

Ft27-C, 277.31 3, 




3:4 

IBh 

* uff 

! Ml OKI 

R27H 

70* 'iW 


rSJQKl 

RZ 60,291.303, 




304, 3» 

1008 

itN' 


RZB1 

5W8 


(M4S0RJ 


4kA 


llWKSi 

F;?a3*fel*BS, 




2S7.247J94 




2S8209.M7 

1004 

9*ir 

(M10DK) 

K93, 295,29*. 




501.410419 

47* 

6rfr 

(M47K) 

Ra97,4W.»7 

IM 

.1 pH 

(HIM*) 

JOUb 

kzn 


IWZK3 

R3« 

]*& 


(M1K5) 

S3 OS 

2*2 


(M5K7J 

R309.31 1 

24* ' 

f Sir 

£S3IKJ 

friLij.j]!: 

■ Mit t. * 

itiir 

[5750*1 

H3L5 

2201 


[M22W5 

FF3Eli 

12k 


I.M12K) 

BI7 

82K 


(h£2K) 

713241 

htJff 


(Mtioflj 

Av4j,43,a4. 

J Mi n-bn. -inrix prcw;l 

3 Hit 

(WR6Lfi) 

J1V42 

6k i 8n. pm. 


fFwDlB) 

JIVCIi 

4kTlag (luai itains port 


IFXQftJ'j 

BV45.4.7.49.51. 




5^.54 

J.C* Bn pc*. 

a rtf 

£FV*07C) 

RV^S.53 

1-pa* kn pgl 

2 rtf 

iJWW.Fr 

BVS& 

4.7* pint *(#i: pr*WI 


LWR6CH0J 

C* p,-: ■ Ixil t pm|mrt»rvlp VnlWT |.p«irH»d 



30 5 J 

J nf twamiC piilp 

*rti 

twstavji 

&: 5b 

4n? 

2 tfl 

IWVJGOl 

C5? 

iMpF L-cr.jrrp-ifUilt 


rwx5rt) 

04 

1 1-3 :pov PC 4*!i. 


IFFQIKl 

C&&.73 

1 2fcF cerarn.t mabr 

2 4* 

(WK4b^> 

C57 

tmS 


■ViTVd’27f;i 

ras.w 

22vrF 

2 rtl 

tw^al 

C59£t 

39nF 

2 CfH 

iWHSifl 

CC? 

lOftlF 


■r:\W - : 1.. i 

CK.S4 

:0t*iF2Sv«; (S*ci 

2 rtl 

1EH 1M1 

CJ4 ,75.74 

IpO 

2 rtf 

.VW53KF 

G77 

lMSEl'PCclrt! 


CFfOiEl 

&^ti-cdikId(!cii 




IC27.33 

145SC 

fell 

(QH46AJ 

iCJfl 

1±M J330 



l«? 

|J3 £ 7 


CW0750) 

IQJjJ 

74Jt 


£0*2771 

1W1.3J 

CElf J310 

2 rtl 


TS*5 

0C2]?!, 


fOBrthJ) 

03S.T7.SJ.4Q 

1N4]4S 

4 rtl 

:C .5501 

Did 

R« LED 


IIM.27E) 

041 

1 0V jUirW .v-jier 


1QH34£» 

klivcellanecuE 




514 

Shah ubim-nblf 


[fh+Ftkj 


*p(I 2 pP* & iwlpi 

2 rtl 

(FM48CI 

515 

Pc4arv iiHilth 2 D 0 > 6 Mlrf 


ifF74fi) 

jraj 

3.5mm lack ™*fl 


1HFfc:'D.I 

J-k9.l0,l 1 

::uv_i'i; iiurtc i.i .k hscIifI 

3dH' 

(0W7HK) 


S pm C*L 

3 rti 

£QlL7T> 


14 pn DlL 


(BUSUh 


16 pn DlL fn>: 1.(^1 

2 rtl 

IBI IWJ 


1 B pn DlL 




PC El 


HWS'kPJ 




Pubfihnd b> Mjpliit PublicAlnaPS. 

282 Landpr. Road. WwteliH.un-5ri. 
Imci BO 7 JG- 

7>3»tB!(inE bf Qyilliet. SubUwnd, Esses. 
P'fjiUKf &jr Mc&iraimm, 

Great Wafer- ag. Esse* 





